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DISPLACEMENT, VELOCITY, AND ACCELERATION 
BALLISTOCARDIOGRAMS AS REGISTERED 
WITH AN UNDAMPED BED OF ULTRALOW 
NATURAL FREQUENCY 


I. THEORY AND DYNAMIC CONSIDERATIONS 


Maurice B. RAppAporT, E.E. 
Boston, Mass. 


ERTAIN physical and biophysical aspects of ballistocardiography have 

not been adequately appreciated or understood and as a result rather severe 
forms of distortion have been allowed to exist in the currently used Starr, Nicker- 
son, and Dock procedures which have markedly limited the utility of the bal- 
listocardiogram. Experimental data and related basic theory will be presented 
and ballistocardiograms which are registered with minimal distortion will be 
described and related to other cardiovascular events. 


THEORY 


A ballistocardiogram is a graphic representation with respect to time of the 
motions which are imparted to the body in response to the physical movements 
of the heart, the ejection of the blood from the heart, and the passage of the blood 
through the vascular system. The ballistic movements of the body as a result 
of cardiac action follow in principle Newton’s third law of motion which states 
that, ““To every action there is an equal and opposite reaction.’’ The ballistic 
force vector which imparts the movement to the body is of variable magnitude 
throughout the cardiac cycle and its spatial direction changes. Furthermore, the 
magnitude and direction of the instantaneous spatial force vector is not necessar- 
ily equal in two normal subjects at the same instant during the cardiac cycle be- 
cause of dissimilarity in anatomic positioning and the forcefulness of cardiac 
activity. The amount of movement imparted to the body is in turn dependent 
upon factors such as compliance of the tissues between the heart and the skeletal 
structure, the compliance of tissues between the vascular system and the skeletal 
structure, the compliance of the various skeletal joints, the mode of support 
of the body, the compliance of the tissues between the skeletal structure and the 
support, and the elasticity and peripheral resistance of the vascular system. 


From the Ballistocardiographic Laboratory, Cardiology Department, Massachusetts General 
Hospital, Boston, Mass. 
Read in part at the Second World Congress of Cardiology.' 


Received for publication Aug. 2, 1955. an 
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The ballistocardiograph in its most common form?~ is capable of measuring 
the ballistic movements of the body axially only—along a line drawn from head 
to foot. This is normally referred to as a ballistocardiograph with a single degree 
of freedom. Ballistocardiographs with two and three degrees of freedom have 
been described in the literature.*-? The ballistic forces that exist in the body 
are spatial; therefore, the common forms of ballistocardiographs merely register 
the body movements which are produced by the projection of the spatial vector 
along the head-foot axis. The projected vector is of lesser magnitude than the 
spatial vector and the body moves a lesser amount axially than in the direction 
of the spatial vector at that instant of time. 

It should be apparent, therefore, that the forces which move the body are 
not necessarily of the same magnitude as at the source and that the degree of 
modification is unknown and may be variable from subject to subject. With our 
present knowledge, this transmission loss must be treated as an unknown quantity 
and due consideration given it in clinical evaluations. 

The complex physical movements of the heart, its ejection and filling phases, 
and the passage of the blood through the vascular system produce complex 
mechanical forces which constantly change in magnitude and direction and in- 
duce body movements. The kind of motion which is imparted to the body or 
its support depends upon inertia, stiffness, and damping factors which are intro- 
duced by the body support. If, for example, a theoretically ideal Starr system 
were used, and if there were rigid coupling present between body and bed so 
that relative movement were not present, and if the body were rigid, the dis- 
placement of the bed would be proportional to the cardiovascular forces, projected 
along the head-foot axis. The stiff-springed Starr bed when used in this manner 
may be considered in the same sense as a spring scale which measures forces 
horizontally. It would appear, therefore, that the Starr bed should be an excel- 
lent means for measuring ballistocardiographic forces. It is impossible, however, 
to prevent the body from moving relative to the bed and the body itself is not 
rigid under normal dynamic conditions. The measured ratio of relative move- 
ment between the skeletal structure and a Starr bed may be several fold in most 
subjects even when foot boards and shoulder supports are optimally used. There- 
fore, the theoretically ideal Starr bed condition cannot exist in practice nor can it 
even be approximated. 

If, theoretically, the same rigid body could be suspended in space completely 
unrestrained, the acceleration of the body in the head-foot direction would be 
proportional to the cardiovascular forces projected along the head-foot axis. 
Thus, the unknown factor due to nonrigid coupling between body and support 
is eliminated. This condition can be approximated rather closely with an un- 
damped bed of ultralow natural frequency. 

The relationships between motion (which is described in terms of displace- 
ment, velocity, or acceleration) and the cardiovascular forces which produce 
the motion are at present unknown in the Starr, Nickerson, and Dock procedures, 
and their respective supports and restraints are dissimilar. In the case of the 
Starr bed, the springs are very stiff and the bed is practically undamped. (Critical 
damping is the process of introducing resistance or friction so that when a force 
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is instantaneously applied, the bed will deflect with a dead beat; it will neither 
overshoot nor consume excessive time in reaching its destination.) The more 
damping that is introduced, the greater is the restraint to free body movement. 
The Nickerson bed uses comparatively soft springs with critical or dead beat 
damping. In the Dock system, the body tissues between the skeletal structure 
and the rigid support act like a spring of moderate stiffness and some damping 
is introduced by the heel supports. Therefore, even though the sensing instru- 
ments which are used with the Starr, Nickerson, and Dock systems may be true 
indicators of displacement, velocity, and acceleration, the effects upon the body 
motion of the supports and restraints produce marked alterations in the registered 
ballistocardiograms. This aspect of the subject will be discussed in more detail 
with relation to the dynamic performance of the body. 

Furthermore, when appreciable restraint to body movement is introduced 
by a rigid or semirigid support such as is characteristic with the Starr, Nickerson, 
and Dock procedures, the body itself produces a rather low oscillatory frequency 
known as natural frequency. That is, if a force isapplied to the body, the skeletal 
structure will move relative to the support if the support is rigid or semirigid. 
When the force is suddenly released, the skeletal structure will go back to its 
original relative position with a diminuendo oscillatory motion because the body 
tissue which is interposed between the support and the skeletal structure acts 
like a soft spring with little damping. Cardiovascular forces which also produce 
skeletal movements with respect to the support also set up such trains of diminu- 
endo oscillations in the region of 4 to 5 complete oscillations per second in the 
average subject. These oscillations superimpose upon the actual cardioballistic 
movements and the resultant ballistocardiogram is a summation of the cardio- 
vascular effects and an unrelated entity. In many cases these parasitic body 
oscillations may be so severe as to almost completely mask the cardiovascular 
complexes. 

In addition, such a system rapidly attenuates the cardioballistic vibrations 
above the natural body frequency of about 4 to 5 cycles per second. There are 
vibrations at least as high as 40 cycles per second present in ballistocardiograms 
derived from instruments which circumvent the limitations inherent in the Starr, 
Nickerson, and Dock techniques. These higher frequency vibrations play an 
important role in imparting a distinct configuration to the ballistocardiogram 
and in the timing of certain cardiovascular events as will be apparent later. 

If we are willing to consider the transmission losses within the subject’s 
body as an unknown variable, the various forms of.distortion common to the 
currently used procedures can be practically eliminated by approximating the 
condition where a subject is suspended in space. There are two known choices, 
such as the utilization of a suspension that requires an almost negligible force 
to produce a deflection or a float in a mercury pool.* The latter method, al- 
though theoretically sound, cannot be considered of a practical nature for routine 
clinical procedures. It has served as an excellent investigative tool and in show- 
ing that its ballistocardiograms are very similar to those obtainable with a cor- 
rectly designed undamped ultralow frequency system. 
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The concept of approximating the condition where a subject is suspended 
in space was apparently realized by Gordon,’ in 1877, and by Henderson,!° 
in 1905, who suspended beds by means of ropes or wire of considerable length. 
Such subject-loaded ballistocardiographic systems when deflected and released 
exhibited a very low natural frequency or slow pendulum action—considerably 
less than 1 cycle or complete vibration per second. More recently Burger" 
and co-workers constructed a similar ballistocardiograph with a natural frequency 
of 0.3 cycles per second and damped to 40 per cent of critical; von Wittern” 
described one with a natural frequency of 0.5 cycles per second with critical 
damping. The Henderson bed weighed nineteen pounds, Burger’s eleven, and 
von Wittern’s twenty-two. The system to be described in this report has a 
natural frequency which is adjustable between 0.1 and 0.25 cycles per second 
with 20 per cent or less of critical damping and a bed weight of 4 pounds. The 
weight of the bed, the degree of damping, and the natural frequency are directly 
related to body restraint and the accuracy of the registered ballistocardiogram. 


DYNAMIC CONSIDERATIONS 


Starr reported that his undamped high frequency ballistocardiograph 
had a natural frequency of 15.5 cycles per second when a 50-pound weight was 
placed upon it. When the weight was increased to 100 pounds, the natural fre- 
quency dropped to 12.5 cycles per second; with 150 pounds it was 10.5 cycles per 
second; and with 200 pounds it was down to 9.5 cycles per second. In other 
words, a dead weight such as a piece of iron when placed upon the bed diminished 
the over-all natural frequency as the weight was increased, which is as it should be 
from a physical point of view and is expressed in the well-known formula: 

_ 1 |/Kg 1) 

2x 1 M w 
f= natural frequency in cycles per second, 
K = stiffness in pounds per foot, 
M = mass in pounds per g, 
g = 32.16 ft. per second per second at sea level, and 
w = weight of bed plus load in pounds. | 


where 


Starr placed warm cadavers on his ballistocardiograph and observed that 
if a force were applied to the cadaver and suddenly released, the ballistocardio- 
graph would register an oscillation of 5.76 cycles per second with the average 
cadaver. Starr therefore concluded that even if a 200-pound subject were 
used, the natural frequency of the ballistocardiograph would be adequately 
high to measure accurately the highest vibration component in the ballistocardio- 
gram. 

Starr calibrated his stiff-springed ballistocardiograph by applying a 280 
gram axial pull on the bed and observing the static deflection of the bed. He 
observed that a convenient sensitivity to use was 1 cm. deflection when 280 grams 
was applied. This type of calibration is correct only for static conditions. Under 
static conditions of deflection, the relative movement between the skeletal 
structure and bed is of no consequence with regard to the measurement of force. 
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This relationship no longer holds when there are rapid body movements present 
and free body movement is impeded by a massive semirigid support as is the 
Starr bed. This aspect is technically known as the dynamic performance of the 
system which includes both ballistocardiograph and body as differentiated from 
the static performance. In ballistocardiography one does not deal with static 
cardiovascular forces but only the dynamic forces, and as long as there is an 
unknown relationship between the two in the Starr system, the static calibration 


A | B 


Fig. 1.—The effects of supports upon the natural frequency and damping of the body. Records A 
through F were taken on a 135-pound man 5 feet 8 inches tall. The sensitivity of the recorder was 
lowered so that ballistocardiograms would not register. The subject was deflected along the long axis 
(head-foot) and suddenly released. The subject was placed on a rigid table and record A was taken 
with an inflated plastic pillow under the head and a sand bag under the ankles, The natural frequency 
is approximately 4.10 cycles per second. The ratio between adjacent positive and negative lobes is 
1.7 to 1 which represents marked underdamping. A 5 to 1 ratio would represent 50 per cent of critical 
damping: the higher the ratio the greater is the damping. Record B was registered with the pillow 
removed, the natural frequency is unchanged, but the lobe ratio is 3.2 to 1. Record C was taken with 
the plastic pillow under the head and a wooden block under the ankles. The natural frequency is 3.35 
cycles per second and the lobe ratio is 1.7 to 1; with pillow removed (D) the natural frequency is un- 
changed and the lobe ratio is 2.2 to 1. Record E was taken with plastic pillows under head and ankles. 
The natural frequency is 3.13 cycles per second and the lobe ratio is 2.2 to 1; with head pillow removed 
(F) the natural frequency is unchanged and the lobe ratio is 2.1 to 1. Record G was registered on 
another subject with a pillow under the head; heels were allowed to extend beyond the bounds of the 
table. The natural frequency is 3.85 cycles per second and the lobe ratio is 1.1 to 1 
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is therefore a meaningless procedure. When similar static calibration procedures 
are used with the Nickerson and Dock methods of registering the ballistocardio- 
gram, similar unknown relationships between static and dynamic conditions 
exist. 

In Fig. 1 may be seen what happens if a subject is placed on a rigid hard 
surface using the Dock technique" and applying a force to the body and suddenly 
releasing the force. Note the underdamped trains of oscillations that occur 
and the characteristic appearance of these oscillations which resemble ballisto- 
cardiograms as registered with the Dock procedure. One can actually apply 
the nomenclature J, K, L, M, N, and O. Very similar trains of underdamped 
oscillations will register with a subject on a Starr bed although the use of foot 
and shoulder supports will increase the frequency of the oscillations slightly 
and alter the damping somewhat. In the case of the Starr bed, the dynamic 
performance is basically determined by the body moving relative to the bed and 
the bed serves as a sensing device. Therefore, the Dock and Starr records should 
be somewhat similar except for some variations that may occur in the shin 
sensing device, relative movement between the tibia and the sensing device, 
relative damping and natural frequency of the body, etc. The trains of under- 
damped oscillations do not register when taken with the Nickerson technique as 
the sensitivity to frequencies above 1.5 cycles per second are very rapidly at- 
tenuated." 

If a mass is placed on a bed which is suspended from the ceiling, the over-all 
system may then be considered as a seismic sensing device. If such a seismic 
device is excited by an applied sinusoidal force of constant peak magnitude, 
and if the magnitude of bed movement is measured for different sinusoidal 
frequencies of excitation, a curve may be plotted which represents how much 
the bed will move for the same excitation at different frequencies. The same 
procedure may be repeated with different amounts of damping; Fig. 2 is a family 
of curves thus obtained. The curves of Fig. 2 encompass the parameters that 
would be obtainable with a suspended bed acting like a pendulum under dynamic 
conditions encountered in the body as a result of the action of the various cardio- 
vascular forces. 

The axis of abscissae of the graph in Fig. 2 is the ratio of the applied frequency 
to the natural frequency of the system. This form of representation is custom- 
arily used in vibration mechanics, as it simplifies the presentation and may be 
applied to all seismic systems of this nature; likewise, the axis of ordinates is 
expressed in per cent response. The percentage of critical damping is designated 
by the letter h and dead beat occurs when h is unity. When h is greater than 
unity, the system is overdamped and below unity it is underdamped. 

A seismic system such as this acts like an accelerometer in the region below 
its natural frequency and as a displacement indicator well above its natural 
frequency. Note how well above resonance the degree of damping is insignificant 
in its effects if it does not exceed critical damping, as all of the curves tend to 
come together. If we assume a heart rate of 60 beats per minute or 1 per second, 
and that the ballistocardiographic natural frequency is 0.25 cycles per second, 
the ratio of the applied frequency to the natural frequency is 4. According to 
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Fig. 2, therefore, if the system is undamped (k = 0) the fundamental heart 
frequency of 1 cycle per second will register with a response of approximately 
105 per cent or with a positive error of about 5 per cent. At critical damping 
(h = 1) the fundamental heart frequency will have a response of approximately 
95 per cent or a negative error of about 5 percent. The optimal degree of damping 
for the fundamental heart rate appears to be about 0.7 of critical where the 
response is 100 per cent or with zeroerror. If the heart rate is less than 60 beats 
per minute, the error is somewhat higher for the undamped and critically damped 


h= PERCENTAGE OF 
CRITICAL DAMPING 
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RATIO OF APPLIED FREQUENCY TO NATURAL FREQUENCY 


Fig. 2.—The response of a seismic system to a sinusoidal excitation for various degrees of damping. 


systems, and adequate range is present at 0.7 of critical damping. Above 60 
beats per minute the error is diminished in the undamped and critically damped 
systems. There are no ballistocardiographic frequencies present below the funda- 
mental heart frequency, but above this frequency there are many important 
component vibrations present which play an important role in imparting a 
distinct configuration to the ballistocardiogram. 

The following deduction may therefore be drawn from Fig. 2: In order 
to operate in the flat portion of the curves, which is at 100 per cent response 
and represents the desired magnitude of bed displacement, the natural frequency 
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of the system must be as low as possible in order to register the fundamental 
frequency of the heart beat. It is not advisable to exceed a natural frequency 
of approximately 0.3 cycles per second. At the latter natural frequency the 
undamped response of the fundamental heart frequency of 1 cycle per second, 
which represents a heart rate of 60 beats per minute, is 15 per cent above normal 
and the critically damped response is about 10 per cent below nominal; with 70 
per cent of critical damping the response error is zero. Although it appears that 
70 per cent of critical damping should be the optimal characteristic to work on, 
further analysis will show that critical damping cannot be used because of other 
forms of distortion this amount of damping introduces in the ballistocardio- 
gram. Frequencies above the fundamental heart rate would appear to be reg- 
istered with minimal amplitude error, and the upper frequency limits seem 
theoretically unlimited. 

In Fig. 3 is shown a family of curves well known to those versed in vibration 
mechanics, which show the amount of phase shift or temporal displacement 
that the various frequency components of a ballistocardiogram may undergo 
for various degrees of damping. Note from the axis of ordinates that the velocity 
ballistocardiogram leads displacement by 90 degrees and acceleration leads 
displacement by 180 degrees. There are 360 degrees in a recurrent wave between 
two corresponding points. Let us again consider a seismic type ballistocardio- 
graph with a natural frequency of 0.25 cycles per second and with a heart rate 
of 60 beats per minute or 1 beat per second being registered. The ratio of applied 
frequency to natural frequency is again 4. If the system is undamped (/ = 0) 
the phase angle at which the fundamental heart frequency will register will 
be zero degrees or no temporal distortion. The velocity at which the bed moves 
will lead by 90 degrees and acceleration by 180 degrees with no temporal distor- 
tion. When critical damping is introduced (4 = 1) the phase distortion attains 
a value of approximately 28 degrees for displacement, velocity, and acceleration. 
With a heart rate of 60 beats per minute this represents a temporal distortion 
of 0.08 second. This is a very appreciable amount of error which will certainly 
effect ballistocardiographic measurements relative to other cardiovascular events. 
It is apparent from Fig. 3 that damping must be kept as low as possible to avoid 
excessive error in the temporal positioning of the registered ballistocardiogram. 
Further analysis shows that if 20 per cent of critical damping is not exceeded, 
the maximum phase error is approximately 5 degrees or about 0.01 second. 
Higher fundamental heart rates will have less error and lower rates somewhat 
more. 

In addition to introducing phase distortion, damping, as has previously 
been indicated, impedes free body movement with the possibility of the generation 
of the 4 to 5 cycle body oscillations discussed in Fig. 1. The question therefore 
arises as to why should damping be introduced? When most subjects are placed 
on an undamped bed of ultralow natural frequency, cardiovascular activity and 
other random movements of the subject tend to set the bed into a rhythmic 
movement which corresponds to the natural frequency of the bed. The resultant 
ballistocardiogram, as a result, may have this very low rhythmic sway superim- 
posed upon it. This effect is most severe in the displacement ballistocardiogram, 
less in the velocity, and least in the acceleration or force ballistocardiograms. 
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A very slight amount of damping will eliminate this bed sway effect and not in- 
troduce clinically measureable distortion in the ballistocardiogram. That is, 
the damping must not exceed 20 per cent of that needed to produce critical or 
dead beat damping. 

The last factor to be mentioned which will affect the ballistocardiogram 
is the weight of the bed. It should be obvious that as the bed weight is increased, 
there will be a tendency for the bed not to move exactly as does the skeletal 
structure because of inertia effects. Furthermore, a massive bed impedes free 
body movement with results such as have been discussed. These effects in turn 
limit the ability of the system to respond to higher frequency vibrations. Experi- 
mental data obtained by the author show that it is inadvisable to employ a 
bed which weighs in excess of about 7 pounds and that a bed weight of 4 pounds 
is practical. No significant differences have been noted in ballistocardiograms 
registered on normal subjects with a 4- and a 7-pound bed. 

An evaluation of Burger’s suspended bed should be of interest in the light 
of the dynamic theory just presented. Burger’s bed had a natural frequency 
of 0.3 cycles per second which should be satisfactory. He used 40 per cent of 
critical damping, which produces a temporal error of the fundamental heart 
frequency (for a heart rate of 60 beats per minute) equal to about 18 degrees 
or 0.05 second, which is excessive. The weight of his bed is 11 pounds, which is 
somewhat excessive. Burger only registered the displacement ballistocardiogram 
and did not discuss or describe the velocity and acceleration ballistocardiograms. 

Von Wittern’s bed had a natural frequency of 0.5 cycles per second with 
critical damping. Such a system introduces a phase distortion in a 60-beat-per- 
minute fundamental heart frequency of about 55 degrees or 0.15 second. This 
amount of temporal distortion would make ballistocardiographic evaluation 
in relation to other cardiovascular events impractical. The weight of von Wit- 
tern’s bed was 22 pounds, which is excessively heavy. Insufficient data with 
regard to natural frequency and damping in the Gordon and Henderson beds 
does not permit similar evaluation. 

The property of a body by virtue of which it offers resistance to any change 
of motion, and thereby makes the body itself a factor in determining the motion 
when a force is applied, is called inertia. All bodies possess inertia but different 
bodies possess different amounts of inertia. That is, all bodies do not offer the 
same resistance to being accelerated at a given rate. This inherent property 
of the body must be considered in the evaluation of cardiovascular forces as 
related to the acceleration ballistocardiogram. 

The quantitative measure of the inertia of a body is called the mass of that 
body and may be determined by experimental procedures. If we assume a body 
is acted upon by a force Fi, then the resulting acceleration of the body can be 
assumed to be a;. Similarly, if forces F2, F3, and Fy are applied in turn to the 
same body, the resulting accelerations will respectively be a2, a3, and ay. The 
experimental results will show that 


(2) 


where C is a constant. In general, therefore, experiment shows that if any 


F, F, F, 
a: Qs as as 


BCG WITH UNDAMPED BED OF ULTRALOW FREQUENCY. 


force is applied to a body which produces a body acceleration a, then, 
(3) 


Since C is the measure of the resistive force F that the body offers to being ac- 
celerated at a rate of a, it is proportional to the mass M of the body since the 
mass of a body is defined as a measure of the resistance the body offers to being 
accelerated at a given rate. Hence, we may say that 

C=kM (4) 
where kisaconstant. If equation (4) is substituted in equation (3), then equation 
(3) becomes 

—= kM (5) 
If the body is allowed to fall freely under its own weight W, the resulting ac- 
celeration at sea level will be g or 32.16 ft. per second per second or 980.2 cm. per 
second per second, and hence 


W F 
(6) 


From equations (5) and (6) we get the relationship 


W 
— = kM. 7 
(7) 


If units for W’, g, and M are chosen so that & in equation (7) equals unity, then 
the number of units of mass in the body may be found from its weight by sub- 
stituting in the equation 
7 
(8) 
g 
If 1 pound is chosen as the unit of force and 1 foot per second per second as 
the unit of acceleration, the number of units of mass in a body according to 
equation (8) is the weight of the body in pounds divided by the acceleration of 
gravity which is 32.16 ft. per second per second. If the C.G.S. system of units 
is used, where 1 gram is chosen as the unit of force, 1 cm. per second per second 
as the unit of acceleration, the number of units of mass in the body is the weight 
of the body in grams divided by the acceleration of gravity, which is 980.2 cm. 
per second per second. 
When 2 is unity, equation (5) states that 


F = Ma. (9) 


The mass M may be determined as previously described and the acceleration a 
may be evaluated during any instant in the cardiovascular cycle from the ac- 
celeration ballistocardiogram. The product of mass and acceleration at the 
instant of time measured in the ballistocardiogram is the cardiovascular force 
which moved the body at that instant. 

For a particular subject, the mass may be considered as a constant because 
the subject’s weight and the gravitational acceleration do not change during 
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the time a ballistocardiogram is registered. Therefore, the configuration of the 
acceleration ballistocardiogram is the same as the force ballistocardiogram except 
for the amplitude proportionality factor as determined by the mass of the body. 


CONCLUSIONS 


1. The theory and dynamic considerations presented in this discussion 
indicate that a lightweight undamped or minimally damped bed of ultralow 
natural frequency which eliminates several forms of distortion should register 
displacement, velocity, and acceleration ballistocardiograms of different con- 
figuration than is obtainable with the customary Starr, Nickerson, and Dock 
techniques. 

2. The configuration of the force ballistocardiogram is of similar con- 
figuration to the acceleration ballistocardiogram except for the amplitude pro- 
portionality factor as determined by the mass of the body. 

3. Burger and von Wittern, who have used suspended beds of ultralow 
natural frequency, although working in the theoretically correct direction, did 
not evaluate all of the dynamic parameters with adequate detail to permit the 
registration of clinically accurate ballistocardiograms. 

4. A primary requirement in ballistocardiography is that the suspended 
bed must introduce a very minimal amount of restraint to free body movement. 
A bed which swings at a rate of 0.3 oscillations per second or slower satisfies 
this requirement. The bed weight is also an important factor; it must be kept 
as low as possible. A 4-pound bed has been found practical and should not exceed 
about 7 pounds for human applications. For animal work or for infants, the bed 
must be made proportionally smaller and lighter. The maximum damping 
should be just sufficient to eliminate the bed sway. This is about 20 per cent or 
less of that necessary for critical or dead beat movement. 

5. When minimal restraint to free body movement is present, the body 
tissues which are interposed between the skeletal structure and the bed cannot 
act as an undamped soft spring and thereby introduce diminuendo trains of oscil- 
lations. These parasitic oscillations produce a smoothing-out effect upon the 
ballistic complexes in systole and mask the diastolic events. Also, the registered 
temporal relationships between the ballistic complexes and other cardiovascular 
events should become more precise. 

6. The losses in the transmission of forces internally in the body are com- 
pletely unknown. Furthermore, we do not know to what degree it varies from 
subject to subject and this unknown variable must be given due consideration in 
clinical evaluations. 

7. The relationships between the acceleration and force ballistocardiogram 
are given and the method for calculating the ballistocardiographic forces which 
move the body. 


SUMMARIO IN INTERLINGUA 
Certe aspectos physic e biophysic del ballistocardiographia es inadequate- 
mente appreciate o comprendite, e per consequente sever formas de distorsion 
existe in le currentemente usate methodos de Starr, Nickerson, e Dock, le quales 
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ha marcatemente restringite le utilitate del ballistocardiogramma. Le theoria 
e le considerationes dynamic hic presentate indica que un non o minimalmente 
amortite lecto de peso leve e de frequentia natural ultra-basse, le qual elimina 
sever formas de distorsion, deberea resultar in le registration de ballistocardi- 
ogrammas de displaciamento, velocitate, e acceleration con configurationes 
differente ab illos obtenibile per le technicas costumari de Starr, Nickerson, e 
Dock. 

Es presentate datos theoric que indica que Burger e von Wittern in lor uso 
de suspendite lectos de basse frequentia natural—ben que illes laborava con un 
theoricamente correcte orientation—non evalutava omne le complexos implicate 
in un maniera sufficientemente detaliate pro assecurar le registration de clinic- 
amente accurate ballistocardiogrammas. 

Le relationes inter le ballistocardiogramma de acceleration e de fortia es 
presentate, e etiam un methodo pro evalutar le fortias ballistocardiographic 


que move le corpore. 
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STUDIES OF NORMAL AND ECTOPIC ATRIAL EXCITATION 
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7} LECTROCARDIOGRAPHIC recognition of the site of origin of ectopic 

excitation in the atria is less precise than that of activation originating in 

the ventricles. More exact localization would be desirable, particularly since 

such ectopic waves are often precursers of other disturbances of atrial rhythm. 

It has been pointed out that more detailed knowledge of the form of P waves 

resulting from ectopic atrial activation may contribute to a more general under- 
standing of atrial arrhythmias.' 

The methods employed in this investigation are partially based on a previ- 
ously reported study in which atria were dissected in such a manner that their 
approximate outlines could be traced on a single plane.? The spread of acti- 
vation was represented on these outlines as concentric arcs around the site of 
the head of the sinoatrial ndde and the direction and relative magnitude of re- 
sultant vector forces were determined. Both normal and enlarged atria were 
studied and the derived waves were similar to those in ECG’s recorded shortly 
before death of the patients. Left atrial enlargement resulted in broad, notched 
P waves while enlargement of the right atrium gave high peaked waves in the 
standard limb leads. In that study several simplifying assumptions were neces- 
sary. These included the division of atrial outlines into sections which were 
considered either parallel or perpendicular to the frontal plane of the body while 
the actual orientation of the atria is such that some parts of each section in- 
fluenced electrical phenomena in more than one plane. Treatment of the atria 
as coplanar outlines also involved a simplifying assumption. The dissection 
method employed allowed the approximate outline of the atria on a surface to 
be obtained, but the three-dimensional contour of these structures is such that 
an exact outline of this type is not possible. In the present study, the methods 
employed reduced these errors; however, certain other assumptions were still 
necessary and will be discussed. 


METHODS AND MATERIALS 


Plaster of Paris casts of the interior of five human atria were prepared. To 
obtain these casts all vessels opening into the heart except the superior vena 
cava and one pulmonary vein were ligated. The heart was then filled with 
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liquid plaster of Paris introduced through the unligated vessels. While the 
plaster of Paris hardened, the heart was placed in such a position that external 
pressure did not alter the shape of the plaster-filled atria. The atrial walls were 
dissected free of the molds, and the atrial portions broken from the ventricular 
casts. 

For the study of normal atrial activation, the anterior margin of the junction 
of superior vena and right atrium, corresponding to the site of the head of the 
S-A node was located. The right and left atrial molds were then cemented to- 
gether and equidistant lines representing spread of the excitation wave were 
inscribed about the location of the S-A node. The models were placed in their 
approximate anatomic position, using teleroentgenograms of the chest obtained 
during the patient’s life, and sketches and photographs of the hearts within the 
body at autopsy as guides to their orientation. With the atrial models properly 
positioned, photographs of the anterior and posterior surface of each model were 
made, establishing the frontal plane projections of the activity. Fig. 1 shows 
the anterior surface of one of the models with activation represented as originating 
in the S-A node. 

P waves were derived from the photographs of each model by two methods. 
One method was similar to that reported in the study employing coplanar atrial 
outlines. This consisted of constructing vectors normal to the chords of the 
arcs representing excitation and having magnitudes proportional to the length 
of these chords. This procedure is justified in the appendix. The vectors so 
constructed were given a common origin and simultaneous vectors from anterior 
and posterior surfaces added vectorially. The termini of resultant vectors were 
then joined in the proper time sequence to give a figure analogous to the P loop 
of the vectorcardiogram. Projections of these vectors on the sides of an equi- 
lateral triangle were measured and the values plotted on an appropriate time 
scale to give waves analogous to the P waves in the standard leads of the ECG. 

The second method of derivation consisted of determining the relative 
potential at points representing the shoulders and pubis of the body. The lo- 
cation of these points with reference to the atria was determined from teleroent- 
genograms of the chest obtained prior to the patient’s death. In this method, 
the midpoint of the chord of each arc representing activation was located and 
the angle between each cord and a line joining the midpoint of the chord to each 
of the points representing shoulder and pubis was measured. The relative 
magnitude of potential at these points at eagh moment represented by a line 
on the atrial model was then determined from the relation: 


L 
where: E = potential at the point being considered, 
L length of the chord, 
= the angle between the chord and a line between 
the chord’s midpoint and the point whose po- 
tential is being considered, and 
d = distance between the midpoint of the chord and 
the point whose potential is being considered. 
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This analysis was carried out using the photographs of anterior and posterior 
surfaces of each model, and values calculated from arcs representing the same 
moment in the activation process were added. The final values were then plotted 
on appropriate time and magnitude scales to give waves analogous to P waves 
in the unipolar limb leads. Waves analogous to P waves in the standard limb 
leads were plotted using the well-known relationships between unipolar and 
standard limb leads. 


Fig. 1.—Plaster of Paris cast of normal human atria in their anatomic position. The spread of excitation 
is represented as equidistant lines about the head of the S-A node. 


Waves derived by both the methods described were compared to P waves 
in actual ECG’s recorded shortly before the patient’s death. Routine ECG's 
recorded at a paper speed of 25 mm. per second with conventional amplification 
were available in two cases. In these records the standard and augmented 
unipolar limb leads were recorded in sequence within two days prior to the pa- 
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tient’s death. Electrocardiograms in which the standard leads and the unipolar 
limb leads were each recorded simultaneously at a paper speed of 100 mm. per 
second and at greater than usual amplification were obtained on the other three 
patients a few hours before death. All ECG’s showed a normal sinus rhythm. 

None of the patients studied had clinical or pathologic evidence of atrial 
enlargement. The primary causes of death included pulmonary tuberculosis, 
bronchogenic carcinoma, cirrhosis of the liver, acute myocardial infarction, and 
cerebral hemorrhage. The patients were in the age range of 40 to 68 years, 
and there were four men and one woman. 

Ectopic atrial activation was studied by representing the spread of exci- 
tation on the models as equidistant lines about various sites of origin. P loops 
and P waves resulting from excitation originating in the right atrial appendage, 
left atrial appendage, the area near the inferior vena cava, and the posterior 
surface of the left atrium near the A-V groove were derived. Since the two 
methods employed to derive waves resulting from excitation beginning in the 
S-A node gave similar results, only the method of derivation consisting of plotting 
vectors normal to the chords of arcs representing activation was used in the 
analysis of ectopic excitation. 

RESULTS 


Activation Originating in the S-A Node.—The P waves in standard and 
unipolar limb leads of the ECG’s recorded before death were similar in general 
form and relative magnitude to those derived by both methods employed. In 
some leads the actual P wave had a more rapid terminal limb than did the derived 
wave and the P-R segment was located at a different level than the T-P segment. 
It is probable that these findings result from the onset of atrial repolarization 
during the late portions of depolarization.* Since only the depolarization process 
was considered in the derivation of waves, some difference in the terminal portions 
of the derived and actual waves is to be expected. 

There were only minor differences. in the form and relative magnitude of 
waves derived by the two methods described. An example of the actual P waves 
in the standard leads and those derived by the two methods is shown in Fig. 2. 
The ECG’s shown in this figure were recorded simultaneously at a paper speed 
of 100 mm. per second and the derived waves shown have been plotted on arbi- 
trary time and magnitude scales chosen to approximate those in the actual ECG. 

The P loops derived with excitation beginning in the S-A node were all 
long, narrow, and relatively smooth figures. Three of the loops formed figures 
of eight while the remaining two were ellipselike figures inscribed in a counter- 
clockwise direction. None of these loops had the marked irregularities found 
in those derived with excitation originating at certain ectopic sites. 

The general orientation of these loops was also similar. With the exception 
of a small terminal portion of one loop located in the first sextant, the area en- 
closed was located in the fifth and sixth sextant of a triaxial reference system 
applied to the frontal plane. 

Activation Originating in the Left Atrial Appendage.—P waves derived from 


activation represented on the models as originating in the tip of the left atrial 
appendage were markedly different from those derived from normal activation. 
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In all instances duration of derived waves from this ectopic site was greater than 
that of waves derived from normal activation. Waves derived from S-A node 
activation had an average duration of 9.8 units, each of which represented the 
time required for activation to move 1 cm. on the model. The average duration 
of these waves derived from ectopic activation originating in the left atrial ap- 
pendage was 15.2 similar units. 

In Lead I, four of the waves were deeply negative and the other was diphasic 
and of low voltage. Two of the waves were upright in Lead II, and three were 
diphasic or negative and of low voltage. All waves were upright in Lead III. 
In all leads these waves were broad and flat topped or notched as compared to 
those derived with activation beginning in the S-A node. 

The P loops derived from activation originating at this ectopic site showed 
greater similarity than did the P waves. There was variation in the orientation 
of the loops with two located entirely in the fifth, two in the fourth, and one in 
the third and fourth sextants of a triaxial reference system. The variation in 
orientation of the loops accounted for most of the differences in form of the P 
waves while the basic contour of the loops was similar. All loops were markedly 
irregular compared to those derived from S-A node activation, and the most 
extreme irregularities were located in the midportions of the loops. Each loop 
had a complex outline which crossed itself at least once. P loopsand P waves 
derived from excitation beginning in the left atrial appendage are shown in Fig. 3. 


Activation Originating Near the Inferior Vena Cava.—P waves derived with 
activation beginning at this site were also of longer duration than those resulting 
from S-A node activation. The average duration of these waves was 12.4 of 
the units described. 

In Lead I, four of the derived waves had a similar contour with an initial 
portion which was diphasic or upright but of low voltage, and a terminal upright 
portion of higher voltage. The other derived wave in Lead I was broad, flat 
topped, and was entirely upright. In Lead II, four of the waves were deeply 
inverted with a small terminal upright portion, and one wave was entirely nega- 
tive. In Lead III, all the waves were deeply negative. 

The major area enclosed by the P loops derived from this ectopic site was 
in the first and second sextants of a triaxial reference system. Four of the loops 
were open figures and were inscribed in a clockwise direction. These loops were 
relatively smooth and differed from those derived with normal activation, chiefly 
in their orientation and duration. Fig. 4 shows the P loops and P waves derived 
from excitation originating at this site. 


Activation Originating in the Body of the Left Atrium.—Activation from the 
posterior surface of the left atrium near the A-V groove resulted in derived waves 
which were entirely negative in Leads I and II. In Lead I, the contour of all 
the waves was relatively smooth. In Lead II, one wave was smooth while two 
of the waves were broad and notched. The other two waves in this lead had 
similar contours with terminal portions of low amplitude. In Lead III, two 
of the waves were mainly negative in their initial portions with a sudden change 
in sign and a terminal positive portion. The remaining three waves in this lead 
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were similar and had an initial negative portion and a terminal portion of low 
amplitude. The average duration of waves derived with excitation beginning 
at this site was 12 units of the type described. 


2 


Fig. 3.—P loops and P waves in the standard leads derived from casts of five normal human atria with 
excitation originating in the tip of the left atrial appendage. 
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Fig. 4.—P loops and P waves derived from atrial models with excitation originating at the anterior 
margin of the junction of inferior vena cava and right atrium. 
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Fig. 5.—P loops and P waves derived from atrial models with excitation originating in the posterior 
surface of the left atrium near the A-V groove. 
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Fig. 6.—P loops and P waves derived from atrial models with excitation 
originating in the tip of the right atrial appendage. 
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All P loops derived from excitation originating at this site enclosed areas 
in the second and third sextants of triaxial reference system, and in two instances 
small areas in the fourth sextant. Four loops were inscribed in a counterclock- 
wise direction and enclosed small irregular areas. The derived P loops and P 
waves resulting from activation originating at this site in the left atrium are 
shown in Fig. 5. 

Activation Originating in the Right Atrial Appendage.—Activation beginning 
in the tip of the right atrial appendage yielded P waves with an average duration 
of 13 units. In Lead I, three of the waves were entirely upright and two had 
small negative portions followed by a larger upright deflection. All waves were 
upright in Lead II. In Lead III, three waves were upright, and two were di- 
phasic with initial upright and terminal negative deflections. Waves in all 
standard leads were relatively smooth in four instances. In the other case, all 
leads showed deeply notched waves. 

The P loops were mainly located in the fifth and sixth sextants of a triaxial 
reference system. Three loops were inscribed in a counterclockwise direction 
and were relatively smooth. One loop formed a figure of eight and was markedly 
irregular. These loops and the P waves derived from activation beginning in 
the right atrial appendage are shown in Fig. 6. 


DISCUSSION 


The similarity of waves derived by the two methods employed in the study 
of excitation originating in the S-A node is of interest, since with one method 
the limb electrodes were assumed to be equidistant from all portions of the atria 
while with the other method this assumption was not necessary. In the method 
of derivation in which vectors were assigned direction and magnitude based on 
the direction and length of chords of the arcs and were projected on the sides 
of an equilateral triangle it was assumed that the body could be represented by 
that figure. In the method in which relative potentials at the shoulders and 
pubis were determined, the points representing these structures were located in 
their actual relation to the atria and their potential was considered to vary with 
the inverse square of the distance to the activation wave front. Since the waves 
derived by the two methods showed only minor variations it appears that the 
limb electrodes in these subjects could be considered equidistant from all portions 
of the atria with only a small error. This finding is undoubtedly related to the 
anatomic position of normal atria which are more centrally located than the 
bulk of the ventricular mass and does not indicate the error involved in assuming 
the limb electrodes to be equidistant from the ventricular activation wave or 
from the excitation wave in all portions of enlarged atria. 

The similarity of waves derived with excitation originating in the S-A node 
and the actual P waves in the ECG’s seems to indicate that the methods of 
derivation employed are reasonably valid. A limiting factor in assessing the 
accuracy of the methods is the quality of P waves in the ECG’s themselves. 
Even with greater than usual paper speed and amplification it is probable that 
many details of the form of these small slow waves are not apparent. 
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In both methods of analysis employed in this study, several simplifying 
assumptions have been made. The actual analyses were made using photo- 
graphs of the atrial models so that activation was treated as though it occurred 
on a single plane. The total effect of the irregular spatial contour of the atria 
was therefore not taken into account in these studies and undoubtedly represents 
a source of error. Other simplifying assumptions include considering the body 
to be a homogeneous conducting medium and considering activation to spread 
at constant speed in a simple radial fashion from the site of origin. The methods 
employed in this study appear appropriate to investigate other possible modes 
of atrial activation such as that reported in dogs by Puech and co-workers; 
however, ECG’s showing P waves with greater detail than those available in 
this study would be desirable for such investigations.‘ The effect of repolari- 
zation occurring simultaneously with the later portions of depolarization was 
not considered in this study and it is likely that some inaccuracy in the late 
portions of the derived waves results. 

It is recognized that the simplifying assumptions listed limit the accuracy 
of the analysis. The similarity of waves derived with activation originating 
in the S-A node to those in the actual ECG’s however, makes it probable that 
waves derived with activation originating at other sites are at least similar to 
those which would be found in the ECG with excitation beginning at these sites. 

P waves and loops derived from excitation beginning at the ectopic sites 
studied had certain features which appeared distinctive for each site. The 
marked irregularity in the midportion of P loops derived from activation origi- 
nating in the left atrial appendage, in association with the orientation of the 
loops which were mainly located in the fifth and sixth sextants of a triaxial 
reference system appeared to be characteristic of excitation originating at that 
site. P loops derived from excitation beginning near the inferior vena cava 
were located in the first and second sextants, and were characteristically open 
figures inscribed in a clockwise direction. Excitation beginning in the body of 
the left atrium resulted in P waves and loops with some distinctive features 
which, in this instance, were most evident in Lead III. Two of the derived 
waves in the lead were diphasic with an initial negative portion and a rapid 
change in sign and the other three waves, although mainly negative, had terminal 
portions of relatively low voltage. As would be expected from the anatomic 
proximity of the sites, activation originating in the right atrial appendage re- 
sulted in P waves and loops whose orientation and form were similar to those 
derived from S-A node activation. Like all P loops and waves derived from 
ectopic sites, however, these were of greater duration than those resulting from 
normal activation. 

These studies illustrate the possibility of more precise localization of ectopic 
atrial impulses than is currently achieved. They also emphasize the necessity 
for more detailed recording of electrical events in the atria to permit such locali- 
zation. In addition it appears possible that improved registration of electrical 
events in the atria might lead to more accurate recognition of atrial enlargement 
and localized atrial lesions. 
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SUMMARY 


P loops and waves resulting from excitation originating in the S-A node and 
four ectopic sites have been derived. The methods were based on representing 
the spread of excitation as lines on molds of the interior of human atria, and the 
application of appropriate principles of analysis for waves propagating on a 
surface. 

P waves resulting from excitation originating in the S-A node were derived 
by two methods. One of these assumed the limb electrodes to be equidistant 
from all portions of the atria and the other took into account the actual distances 
between atria and the effective position of the limb electrodes. Waves derived 
by these methods were similar, indicating that the assumption of equidistance 
of limb electrodes is reasonably valid for normal atria. The derived waves 
were similar to those in ECG’s recorded prior to death, which supports the va- 
lidity of methods employed. 

Excitation originating in the left atrial appendage yielded P waves which 
were negative or diphasic and of low voltage in Lead I, upright, negative, or 
diphasic and of low voltage in Lead II, and upright in Lead III. The P loops 
had a characteristic form with marked irregularity in their midportions. Acti- 
vation originating near the inferior vena cava resulted in P waves of a distinctive 
form with an initial portion of low voltage in Lead I. With excitation originating 
in the body of the left atrium near the A-V groove, negative waves in I and I] 


and diphasic waves or waves with a terminal portion of low voltage in Lead III 
resulted. P waves and loops resulting from excitation beginning in the right 
atrial appendage were more nearly like those resulting from normal activation 
than those derived from other ectopic sites. All P loops and waves derived 
from ectopic activation were of longer duration than those derived from normal 


excitation. 
SUMMARIO IN INTERLINGUA 


Le excitation atrial, normal e ectopic, ha essite studiate per medio de mo- 
dulos del interior de cinque normal atrios human. Le progresso del excitation 
esseva representate per lineas equidistante circa le sito de formation del impulsos. 
Spiras P in le plano frontal e undas P in le derivationes extremital standard 
e unipolar esseva derivate ab photographias del modellos. 

Le excitation que comenciava al capite del nodo sino-auricular resultava 
in undas P que esseva simile a illos exhibite inver electrocardiogrammas regis- 
trate ante le morte del patientes. Le excitation que comenciava a quatro sitos 
ectopic resultava in undas P e in spiras P con certe characteristicas distinctive. 


APPENDIX 


The dipole moment of a nonlinear plane curve which is uniformly polarized in the plane of 
the curve and normal to the curve can be cbtained from the line integral of the elementary dipole 
moments. Let the dipole moment per unit length be designated as k. The elementary moment 
dP corresponding to the element ds of length on the curve is then given by the relation dP = k ds, 
and is directed normal to the element ds. 

The vector quantity may be written as 


dP =i dPx j dPy 
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A A . . 
where z and 7 are the conventional unit vectors in the x and y directions, and dPx and dPy are 


respectively the x and y components of dP. 


If the reference system be so oriented that the ends A and B of the curve lie on the y axis 
and the angle between ds and the x axis be denoted as ©, then recalling the moment direction to 
be normal to the line element, 
dy 


ds 


dPx = dP sine dP 


dPy dP cos © 


from which 
+ j 


It follows that 


b Yeo a a 
dP = dy + | dx 


Vi 


where subscripts 1 and 2 refer to points A and B, respectively. Clearly x; and x2 have the same 
value and the second integral vanishes: 


P =i k — Y;,). 


Since yz — » is the chord length AB, the total moment P k AB and is directed perpendicular 
to the chord. 
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THE ELECTROCARDIOGRAM IN HYPERSENSITIVITY REACTIONS 


STEPHEN ContTRO, M.D., AND ERNEST Monn, M.D. 


CHICAGO, ILL. 


ECENTLY a patient was observed with serum sickness who showed marked 

electrocardiographic alterations. It was decided, because of this, to review 
the case records of Michael Reese Hospital patients with serum sickness during 
the past decade. Significant electrocardiographic changes were found in a sur- 
prising number of cases. This fact is apparently not generally recognized. This 
report is intended to stress the frequency and types of electrocardiographic 
abnormalities observed in hypersensitivity reactions. 

Since the first report of cardiovascular involvement by Rosenhaupt,! in 
1905, there have been isolated case reports of vascular and cardiac abnormalities, 
including myocarditis,?-'° arteritis,?""-" pericarditis,':*"* and at least three cases 
of myocardial infarction.‘"“"" Considerable experimental work has also been 
carried out in an attempt to delineate the role of hypersensitivity in the in- 
ducement of vascular and myocardial lesions.'7-**4 


MATERIAL AND METHODS 


The clinical records of all patients discharged from Michael Reese Hospital 
during the last ten years with the diagnosis of serum sickness were reviewed. 
The criteria used to establish the above diagnosis were: (1) a history of admini- 
tration of foreign protein or drugs known to cause serum sickness type of hyper- 
sensitivity reactions, (2) the appearance of typical skin lesions, (3) the pre- 
sence of fever, (4) a typical clinical course, (5) the response to therapy, and 
sometimes (6) the occurrence of arthralgia. Thirty-seven such cases were 
found, but electrocardiograms had been taken in only twenty-two; these were 
studied with particular reference to electrocardiographic and other cardiovascular 
alterations. Standard criteria for electrocardiographic interpretation™:*® were 
utilized. 

RESULTS 


Out of twenty-two patients included in this study, eleven (50 per cent) 
presented abnormal electrocardiographic patterns. This, however, may not 
represent a true incidence, because the series is small, and only patients with 
the more severe manifestations were hospitalized. 


From the Cardiovascular Department, Medical Research Institute, and the Department of Medicine, 
Michael Reese Hospital, Chicago, Ill. 
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The types of electrocardiographic abnormalities observed are summarized 
in Table I and typical examples are shown in Figs. 1 to 5. In the majority of 
cases nonspecific ST-T changes occurred; however, some more specific patterns 
were noted. To illustrate the findings some case histories are presented. 


TABLE I. SUMMARY OF ABNORMAL ELECTROCARDIOGRAPHIC FINDINGS 


ABNORMALITIES 


QRS-T CHANGES DIAGNOSIS 


| 
| DURATION OF 
| 


| ST-T changes of left heart | Transitory left heart strain Less than 4 weeks 


strain type 


. | ST-T changes seen in Acute pericarditis | More than 4 weeks 
| pericarditis 


| ST-T changes of coronary type | Atypical recent myocardial | More than 4 weeks 
infarct 


| Nonspecific ST-T changes Nonspecific alteration. | Less than 4 weeks* 
Nodal rhythm 


? verrucous endocarditis | Less than 4 weeks 


Nonspecific ST-T changes 


| Nonspecific ST-T changes Nonspecific alteration | Less than 4 weeks 


Nonspecific alteration | Less than 4 weeks 


| Nonspecific ST-T changes 


| Nonspecific ST-T changes Nonspecific alteration | Less than 4 weeks 


| Nonspecific ST-T changes Nonspecific alteration Less than 4 weeks 


| 
| Nonspecific ST-T changes | Nonspecific alteration | Less than 4 weeks 


| Nonspecific ST-T changes Nonspecific alteration | Less than 4 weeks 


*The period of four weeks is used as an arbitrary dividing mark. While some of the nonspecific 
ST-T changes reverted to normal within forty-eight hours, serial electrocardiograms were not available 
at frequent enough intervals in some patients to determine the exact time at which this occurred. 


CASE REPORTS 


Case 1.—F. K., a 45-year-old Negro, received tetanus antitoxin ten days prior to admission 
after lodging a splinter in his finger. Six days later he developed a generalized pruritic urticarial 
rash, fever, periorbital swelling, and hot, tender, and swollen ankles and wrists. Treatment with 
Pyribenzamine was not effective, and he was admitted forty-eight hours later to the hospital. On 
admission his temperature was 101°F., blood pressure 134/85 mm.Hg, pulse 100 beats per minute. 
There was a generalized urticarial rash over the trunk and extremities. Ankles and wrists were 
hot, red, swollen, and tender. The heart on physical examination was normal. There was no 
lymphadenopathy. Laboratory data: sedimentation rate 38 mm. per hour, W.B.C. 12,000 per cu. 
mm., antistreptolysin titer 50, Weltman 3.5, L. E. preparation negative. Other data were normal. 
The electrocardiogram on admission showed ST-T changes characteristic of left heart strain 
(Fig. 1). Serial tracings obtained during the following days revealed a nonspecific evolution of 
the ST-T abnormality. He left the hospital on the fifth day, asymptomatic, even though his 
electrocardiogram was still abnormal. On follow-up examination three weeks later there were 
no abnormal physical findings, and the electrocardiogram showed restitution to normal. Therapy 
consisted of aspirin, codeine, and Seconal. 

CasE 2.—(This case showed the clinical picture, electrocardiographic alterations, and evolu- 
tion typically seen in pericarditis.) C. M., a 17-year-old Negro student nurse, had received a four- 


NAME i 
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D. F. 
J. W. 
R. V. 
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Fig. 1.—F. K., age 45. Serial electrocardiograms showing a left heart strain pattern with restitu- 
tion to normal over a period of twenty-two days. A, April 13, 1954 (urticarial response most pro- 
nounced); B, April 15, 1954; C, April 19, 1954; D, May 5, 1954. 
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Fig. 2.—C. M., age 17. Serial electrocardiograms showing the pattern and evolution over a period 
of three months of acute diffuse pericarditis. A, April 17, 1954; B, April 21, 1954 (urticarial reaction 
pronounced); C, April 27,1954; D, May 4, 1954; E, May 19, 1954; F, June 14, 1954; G, July 8, 1954. 
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Fig. 3.—M. F., age 60. Serial electrocardiograms of this patient over a period of six weeks indicating 
an atypical myocardial infarct. A tracing three years later was normal. A, Feb. 21, 1952; B, Feb. 26, 
1952; C, Feb. 28, 1952 (urticarial reaction maximal); D, March 25, 1952; E, Jan. 6, 1955. 
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day course (total of 18 tablets) of Sulfathalidine for a paracolon organism grown on routine stool 
culture one week prior to admission. This medication was discontinued when she developed a 
macular, pruritic eruption on her arms and legs. Twenty-four hours before admission she noted 
precordial tightness, accompanied by a low-grade fever and tachycardia, aggravated by respira- 
tion and motion. On admission her temperature was 101.8°F., blood pressure 116/80 mm.Hg, pulse 
120 beats per minute. There was a Grade 2 precordial systolic murmur. Three days after ad- 
mission the rash spread and became urticarial. An electrocardiogram at first showed nonspecific 
ST-T changes, later those suggestive of acute pericarditis (Fig. 2). Her course was febrile with 
temperautres up to 103°F. and marked by the development of swollen wrists, generalized lympha- 
denopathy, and gaint urticaria. Following the initiation of therapy with intravenous ACTH there 
was rapid improvement; she was discharged after six weeks with minimal joint and precordial 
symptoms, having received ACTH for two weeks. Significant laboratory data included 
a sedimentation rate of 44 mm. per hour, W.B.C. 14,700 per cu. mm., negative L. E. preparation, 
serial antistreptolysin titers of 625, 333, 500, and 250, serial Weltman determinations of 3.4, 2.0, 
5.0, 7.0, and 7.0; total serum proteins 7.0 Gm. per cent, albumin 3.9 Gm. per cent, globulin 3.1 
Gm. per cent. She became completely asymptomatic six months later, and her electrocardio- 
graphic pattern has since returned to normal. 

Case 3.—M. S. presented ST-T changes which waxed and waned over a period of almost 
six weeks, and which were considered indicative of a recent myocardial infarction. The patient, 
a 60-year-old white man, had complained of chest pain in the past, but extensive studies including 
a Master’s step test had been negative. Two days prior to admission he became involved in a 
scuffle and was bitten in the chest. Penicillin and tetanus antitoxin were administered after a 
negative conjunctival test for sensitivity to the latter. Because of palpitation, dyspnea, and slight 
substernal pressure he was admitted to the hospital. On admission the blood pressure was 110/80 
mm.Hg, the heart tones were somewhat distant. “The examination was otherwise not remarkable. 
An electrocardiogram taken twenty-four hours later showed the pattern of an atypical anterior 
wall infarct (Fig. 3). On the sixth hospital day he developed a generalized itching urticarial rash; 
shortly thereafter he became cyanotic, his blood pressure dropped, he became restless, his pulse 
became rapid, and the heart tones fainter. The picture was that of a peripheral circulatory col- 
lapse, and he was placed on intravenous norepinephrine with rapid restoration of the blood pres- 
sure and improvement in twenty-four hours. Hives persisted for two days. He recovered slowly 
and was discharged on the thirty-ninth hospital day. Serial electrocardiograms showed T-wave 
changes; a recent tracing was within normal limits. Laboratory data otherwise were negative 
except for a persistently elevated sedimentation rate. Therapy included morphine, phenobarbital, 
Seconal, Dicumarol, tincture of belladonna, oxygen, intravenous fluids, norepinephrine, pyriben- 
zamine, calamine lotion, and gelusil. 


Although it is possible that this case may represent a recent myocardial 
infarct preceding the manifestations of serum sickness, the clinical course strongly 
suggests that at least an extension of the infarct was precipitated by the hyper- 
sensitivity reaction. 

Among the other cases, one presented nonspecific repolarization abnormalities 
at the onset of the illness and later developed a nodal rhythm during restitution 
to normality (Fig. 4). One (Fig. 5) representative of the alterations found in 
most of the cases had nonspecific ST-T changes. Another patient had a transient 
loud systolic murmur at the height of the urticarial response, lasting two days, 
which might represent valvular involvement analogous to experimentally pro- 
duced verrucous endocarditis. 

In none of our cases were there any significant QRS changes. In the majority 
the ST-T changes disappeared rapidly. In two patients, however, the electro- 
cardiographic evolution ran a protracted course (Cases 2 and 3). 

In the eleven patients with abnormal electrocardiographic patterns, com- 
plaints or findings referable to the cardiovascular system were frequent. This 
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Fig. 4.—A. S., age 30. Serial electrocardiograms showing nonspecific S-T-T changes and transient 
nodal rhythm with reversion to normal after five days. A, April 21, 1954 (sensitivity reaction at its 
maximum); B, April 23, 1954; C, April 26, 1954. 
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Fig. 5.—V. R., age 22. Serial electrocardiograms with nonspecific S-T-T alterations; return to 
normal within five days. A, Sept 15, 1954 (sensitivity reaction most pronounced); B, Sept. 16, 1954; 
C, Sept. 20, 1954. 
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included precordial pain in seven, cardiac murmurs in two, pericardial friction 
rub in one, tachycardia in six, and a marked drop in blood pressure in two patients. 
By contrast, nothing clinically suggestive of cardiovascular involvement was 
found in the eleven patients who had no electrocardiographic alterations. More- 
over, the patients with electrocardiographic abnormalities were definitely more 
severely ill than the others; their electrocardiographic changes appeared shortly 
after the clinical manifestations of hypersensitivity. 


DISCUSSION 


The occurrence of such electrocardiographic changes in serum sickness 
is not surprising if one considers the pathology of this syndrome, the characteristic 
feature of which is widespread vascular damage, including the heart.?:7/!7.19 
Review of the literature reveals that electrocardiogaphic changes are reported 
in twenty-two cases of hypersensitivity reaction ,*->:$:!0:1!.14-16.27-85 and are actually 
illustrated in fourteen. Most commonly (nine out of twenty-two cases) these 
alterations consisted of nonspecific ST-T changes which disappeared in three to 
twenty-one days. Conduction disturbances have also been noted, including 
first degree A-V block (1 case),*! A-V dissociation (1 case),*4 and right bundle 
branch block system (2 cases).°** Seven patients have been noted with electro- 
cardiographic evidence of myocardial infarction.‘::1*75°.31.36 Most of these 
latter cases are open to. question, leaving only three*-®.® who definitely had a 
myocardial infarct at the time of a hypersensitivity reaction which appears to 
have been more than coincidental. 

The autopsy material available in the literature is scarce (seven 
patients),?-*:7*.'85 but it may be applied to explain the electrocardiographic 
alternations. The changes anatomically were those of necrotizing arteritis," 
myocarditis,’ myocarditis with coronary arteritis,” and pericarditis.' 

Numerous techniques have been employed experimentally in studying the 
effects of hypersensitivity on the heart. All of these are similar in that they 
utilize a foreign protein as a sensitizing agent and for reinjection at a subsequent 
date. The lesions found range from acute hemorrhages into the myocardium," 
to interstitial myocarditis,!*° verrucous endocarditis,”! lesions closely resembling 
Aschoff bodies,”!-** generalized arteritis,!**° and periarteritis 

The common denominator in both human and experimental pathology, there- 
fore, is focal or diffuse myocardial involvement. 

These anatomic changes in their mild, nonfatal form may well be responsible 
for the ST-T alterations: (1) by decreasing blood flow through coronary arteries 
as a result of luminal narrowing by the inflammatory process, and (2) by actual 
inflammation of the myocardium leading to muscle ischemia and damage. Con- 
ceivably intimal edema associated with vascular and perivascular infiltration 
may also lead to complete occlusion of a vessel with subsequent infarction, 
especially when atherosclerotic changes of the coronary arteries are present. 
The rather nonspecific ST-T changes observed in our cases, as well as in those 
previously reported, although known to occur in many other conditions, are 
certainly compatible with the lesions described in the autopsy and experimental 
material. 
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The electrocardiographic changes, in the majority of these patients, persisted 
for a relatively brief period of time and were most marked at the height of the 
sensitivity reaction. In two instances, however, the course was protracted. 
One patient developed a pericarditis, while the other had a stormy clinical course, 
which most likely can be ascribed to an atypical recent myocardial infarct. 

From a review of the literature and our present material, it appears that 
two types of electrocardiographic alterations may exist in association with hyper- 
sensitivity response. One is fleeting in nature and usually consists of nonspecific 
ST-T changes. The other is more prolonged and usually associated with a severe 
clinical course: pericarditis and myocardial infarction are included in this group. 
In view of autopsy and experimental material, one may visualize a more benign 
pathologic process to be associated with the first type of electrocardiographic 
changes (i.e., transient edema of the wall of coronary arteries, focal myocarditis, 
etc.), while in the second the pathology may be more severe both in extent and 
duration. 

The second group, although small, leads to important implications in regard 
to therapy of hypersensitivity reactions. When any sign suggestive of cardiac 
involvement becomes apparent, intravenous steroid therapy must be seriously 
considered, and its immediate employment to forestall any further, and perhaps 
permanent, damage to the myocardium is advocated. Furthermore, this study 
reveals that the electrocardiogram is very helpful and should be freely employed 
in all patients with manifestations of serum sickness type of hypersensitivity 
reactions. 

SUMMARY 


Eleven out of twenty-two patients with serum sickness type of hypersen- 
sitivity reaction developed electrocardiographic abnormalities. Two groups 
can be distinguished: in one, the electrocardiographic changes are fleeting in 
nature and usually consist of nonspecific ST-T changes and conduction dis- 
turbances; in the other, the alterations are more protracted and usually associated 
with a severe clinical course, as exemplified by cases of myocardial infarction 
and pericarditis. 

The pathologic and experimental studies relating to serum sickness indicate 
that involvement of the myocardium and coronary arteries is instrumental in 
producing the electrocardiographic changes. The appearance of these, or of 
clinical evidence of involvement of the cardiovascular system, has the potentiality 
of serious cardiac damage, and immediate steroid therapy is advocated under such 
conditions. 


We are indebted to Drs. Richard Langendorf and Louis N. Katz for valuable criticisms and 
suggestions during the preparation of this manuscript. 
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THE SIGNIFICANCE OF GIANT NEGATIVE T WAVES 
IN CORONARY ARTERY DISEASE 


REPORT OF FIVE CASES 
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— the introduction of precordial leads in clinical electrocardiography 
by Wolferth and Wood! a limited number of cases showing massive negative 
T waves has been reported in the literature.?-° 

A relative infrequency of this interesting electrocardiographic finding has 
been postulated by Ippolito who did not find a single case in 30,000 electrocardio- 
grams reviewed at the Sea View Hospital in New York.’ 

Multiple conditions have been incriminated as possible etiological factors of 
T-wave inversion.’ Huge negative T waves have been suggested to occur chiefly 
in association with myocardial ischemia or subendocardial infarction.® 

Burch recently reported a distinctive electrocardiographic pattern en- 
countered in seventeen patients with cerebrovascular accidents consisting pri- 
marily of T waves of considerable amplitude and width, long Q-T interval, and 
large U waves, but the mechanism responsible for the changes remained unknown 
and no information was given as to the necropsy findings.* Levine reported an 
autopsy case that showed this electrocardiographic pattern with no evidence of 
myocardial or coronary artery disease.’ Pruitt published aseries of sixty-two 
cases with primary deep T-wave inversion, six of which had no clinical mani- 
festation of coronary artery disease, and necropsy findings in four revealed healed 
subendocardial infarction.’ 

Our present concepts of massive T-wave inversion have been based on 
experimental work® and its significance has been evaluated in the light of clinical 
findings and to a lesser extent on the scanty necropsy studies done. 

It is the purpose of this paper to present five patients showing giant negative 
T waves. Our observations in these patients were chiefly directed to the mechan- 
ism involved in their production, clinical significance, and the alterations re- 
sulting from the administration of different drugs frequently used in patients 
with coronary artery disease. 

CASE REPORTS 


Case 1.—F. M., an 85-year-old Negro woman was admitted to the hospital on Feb. 10, 1955, 
because of precordial pain and shortness of breath. She had been in good health until three months 
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prior to admission when she developed paroxysmal nocturnal dyspnea, but failed to seek medical 
attention. 

On the day of admission, while in bed, she suddenly awoke at 1:00 a.m. with severe precordial 
pain of such an intensity that made her shout. Concurrently she experienced shortness of breath, 
orthopnea, dizziness, generalized weakness, and nausea but no vomiting. She was digitalized 
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Fig. 1.—The initial electrocardiogram (Feb. 10, 1955) shows inversion of the T waves from V2 to Ve. 
Huge inverted T waves are present from V; to Vs. Although the size of these waves had decreased by 
Feb. 16, 1955, massive T-wave inversion is still noticed in V4. By March 15, 1955, the changes in Vz 
have disappeared, the T wave in V; is diphasic, and inversion from V, to V¢ is still present. In no 
instance were QRS changes recorded in any of the standard, precordial, or augmented unipolar limb 


leads. 
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intravenously by a physician because of the diagnosis of acute pulmonary edema. Afterward 
she was referred to us and admitted to the hospital on the same day, thirteen and one-half hours 
after onset of symptoms. 

Physical examination revealed a well-developed, thin, elderly woman somewhat mentally 
confused but in no severe distress. Her blood pressure was 210/100 mm. Hg on the right arm 
and 180/100 mm. Hg on the left arm, pulse 68 per minute, respirations 16 per minute, and tempera- 
ture 97.4°F. Bilateral cataracts hindered the ophthalmoscopic examination. The cervical veins 
were visible but not distended. Inspiratory moist rales were heard in both lung bases posteriorly. 
The heart was enlarged. The point of maximum impulse was visible in the sixth intercostal space 
and the left border of the heart was percussed 12.5 cm. from the midsternal line. Frequent pre- 
mature beats were present. A Grade 2 systolic murmur was heard at the apex and at the base. 


SMiN, 10MIN, 17MIN. 3OMIN, 
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Fig. 2.—This figure represents the sequence of electrocardiographic changes elicited by the admin- 
istration of nitroglycerin (1/100 gr.) sublingually. The initial set of tracings shows inversion of the 
T wave from V; to Vs. A huge negative T wave is noticed in Vy. Five minutes after nitroglycerine 
administration the degree of inversion of the T waves has been considerably reduced. This is a fleeting 
change as evidenced by gradual reversal through the ten- and seventeen-minute periods until thirty 
minutes after administration of the drug when the T waves reverted to the premedication pattern. 
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The second aortic sound was more pronounced than the second pulmonic sound. The abdomen 
was negative. The peripheral vessels were hardened. 

The electrocardiographic sequence is illustrated in Fig. 1 and described at length in the 
legend. 

In this patient observations were made in the electrocardiographic changes resulting from 
the administration of intravenous papaverine (1 gr.), sublingual nitroglycerine (1/100 gr.), intra- 
musclar atropine (1/150 gr.), nasal oxygen (8 L./min.) and intravenous aminophylline (0.5 Gm.). 


Vi 


+ 


2 MINUTES AFTER PAPAVERINE 
2 MIN. 77MIN. 


Fig. 3.—The tracing above shows the transitory development of bigeminy due to unifocal premature 
ventricular beats that was elicited two minutes after the intravenous administration of papaverine 
(1 gr.) in a patient weighing 76 pounds. The initial tracing below shows inversion of the T wave in 
V3, Va, and Vs. A giant negative T wave is noticed in Vy. Two minutes after the administration of 
papaverine intravenously the depth of the T waves has decreased markedly, but seven minutes later it 
reverted to the original level. 


Figs. 2 and 3 represent the alterations recorded after the administration of nitroglycerine and 


papaverine, respectively. 
With the administration of oxygen, electrocardiographic changes similar to those recorded 
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with nitroglycerine administration were seen. However, the T-wave changes with intravenous 
aminophylline were minimal and no alterations were recorded with intramuscular atropine. 
Laboratory studies revealed a red blood cell count of 3.74 million and a hemoglobin of 9.5 Gm. 
Weekly white blood cell counts were within normal limits and the sedimentation rate was per- 
sistently elevated ranging from 36 to 45 mm. The blood urea nitrogen was 49.3 mg. per cent on 
the eleventh hospital day. Other laboratory determinations including complete urinalysis, blood 
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Fig. 4.—The precordial leads on the initial electrocardiogram (Dec. 3, 1954) were recorded with 
half standardization. Diphasic T waves of very small amplitude were recorded in V; through Vg. The 
second set recorded with full standardization four days later (Dec. 7, 1954) shows giant negative T waves 
from V2 to V, and inverted T waves in V; and Vs. The third set recorded twenty days later (Dec. 27, 
1954) shows disappearance of the massive T waves, although they are still inverted from V; to V4 and 
diphasic in V; and Vz. By March 10, 1955, the electrocardiogram had returned to normal. In no 
instance were QRS changes recorded in the standard, precordial, or augmented unipolar limb leads. 
Repeated tracings after the administration of 1/75 gr. of atropine sulfate failed to reveal any change 
in the giant negative T waves although the ventricular rate increased. 
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serology, fasting blood sugar, and total cholesterol were within normal limits. A chest film re- 
vealed a severe degree of bilateral pulmonary emphysema, marked cardiac enlargement, and con- 
siderable elongation of the aorta. 

She was treated with bed rest, sedatives, anticoagulants, and digitalis. Except for episodes 
of marked mental confusion and incoherence she had an uncomplicated course till March 16, 1955, 
when discharged as improved. 

Case 2.—L. G., a 56-year-old white lumber-mill worker, was admitted to the hospital on 
Dec. 3, 1954, because of chest pain of one hour duration. He had been in good health until Janu- 
ary, 1955, when he first started to suffer from anginal episodes. 

On the day of admission, while at rest, he suddenly developed severe precordial pain radiating 
to the neck and accompanied by tightness of the chest and cold diaphoresis. 

Past history disclosed that he had a chancre and acute gonorrheal urethritis in 1920. Be- 
cause of a positive serology he received bismuth and salvarsan from 1942 to 1945 and penicillin 
in February, 1953. A positive serology in the spinal fluid was found in February, 1954, and 
another course of penicillin was administered. 

Physical examination revealed a man cOmplaining of chest pain. The blood pressure was 
120/50 mm. Hg on the right arm and 120/50 mm. Hg on the left arm, the pulse was 60 per minute, 
respirations 20 per minute, and temperature 98.6°F. Sclerotic changes were noticed on the retinal 
vessels. The lung fields were clear. The left border of the heart was 10 cm. from the midsternal 
line. The rhythm was regular. Grade 2 systolic and Grade 3 diastolic murmurs were heard at the 
aortic area and at the third intercostal space to the left of the sternum. The liver was slightly 
palpable on deep inspiration. A Corrigan pulse and pistol shot in the femoral arteries were present. 

The electrocardiographic sequence is illustrated in Fig. 4 and described at length in the legend. 

Weekly sedimentation rates and white blood cell counts failed to reveal any abnormality. 
Other laboratory studies including red blood cell count, hemoglobin determinations, complete 
urinalysis, and fasting blood sugar were within normal limits. The blood cholesterol level was 288 
mg. per cent. A chest film revealed slight elongation, dilatation, and tortuosity of the aorta. 

He was kept in bed rest, anticoagulants, and mild sedation and remained asymptomatic and 
afebrile till Dec. 31, 1954, when discharged. The patient has been followed in the outpatient 
department for six months and has been found to be doing well except for occasional mild anginal 
attacks on marked effort. 

CasE 3.—J.T. de G.,* a 65-year-old white woman, was admitted to the hospital on Nov. 10, 
1953, because of fever, mid-chest pain, and shortness of breath of two days’ duration. She was a 
mild hypertensive for over seven years but was asymptomatic till a few months prior to admission, 
when she developed some dyspnea on climbing stairs. 

Physical examination revealed an elderly obese woman in no severe distress. The blood pres- 
sure was 180/100 mm. Hg, pulse 80 per minute, respirations 24 per minute, and temperature 
97°F. There were bilateral arcus senilis. Lenticular opacities interfered with an adequate ophthal- 
moscopic examination. There was dullness to percussion in both lung field bases and moist 
rales were present anteriorly and posteriorly. The heart was not enlarged. The rhythm was 
regular and no murmurs were heard. Bilateral costovertebral angle tenderness was elicited. The 
pulsations of the dorsalis pedis and posterior tibial arteries were decreased. 

Laboratory studies including complete blood and differential, blood urea nitrogen, serum 
proteins, and urinalysis were within normal limits. Chest film the day of admission revealed a 
right sided pleural effusion and a left sided pleural reaction. X-rays of the lumbar spine showed 
hypertrophic changes, and a calcification of the abdominal aorta was noticed. Bronchoscopy 
was performed on Nov. 19, 1953, and it was negative. An electrocardiogram was done the next 
day. It is illustrated in Fig. 5 and described in the legend. 

A right sided thoracentesis was performed and it yielded a bloody fluid with a specific gravity 
of 1.010 and marked number of white and red blood cells. Studies for acid fast bacilli were negative. 

She was treated with bed rest, sedatives, salicylates, penicillin, and streptomycin and serial 
chest x-rays showed resolution of the process. The patient was discharged on Dec. 2, 1953, as 
improved. 


*We are indebted to Dr. Jose M. Torres for permission to use this case and one of the electro- 
cardiograms reproduced. 
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Case 4.—C. B., a 65-year-old white businessman, was admitted for the first time on Aug. 22, 
1951, because of intermittent substernal and epigastric pain of two weeks’ duration. 

Except for dyspnea on exertion of two or three years’ duration this patient had been well 
till fifteen days prior to admission when, while in bed, at 11:00 p.m. he developed moderate epi- 
gastric and substernal discomfort associated with an oppressive type of pain and some dyspnea. 
This disappeared spontaneously but two days later he had a similar episode associated with cold 
diaphoresis and mild cyanosis. A local physician prescribed some tablets with some relief. Hospi- 
talization for adequate studies was advised. 

Past history disclosed gonorrhea and syphilis in his youth. A transurethral resection of 
the prostate had been performed two years previously. 

Physical examination revealed a well-nourished, well-developed man looking younger than his 
stated age and in no distress. The blood pressure was 120/70 mm. Hg, pulse 84 per minute, 
respirations 20 per minute, and temperature 98.6°F. Bilateral lenticular opacities were present. 
There was increased pulsation of the neck vessels. The chest was hyperresonant to percussion. 
On auscultation, a few coarse rales were heard on the left base posteriorly. The heart was enlarged 
to the left. The rhythm was regular and no murmurs were heard. The abdomen was negative. 
There was no ankle edema. 


Fig. 5.—Inverted T waves are noticed in standard Leads I and II and alsoinaV.iandaVr. Giant 
negative T waves are recorded from V; through V;. The deepest is recorded in V4 and measured 21 
mm. 


The electrocardiographic sequence is illustrated in Fig. 6 and described at length in the 
legend. 

The initial white blood cell count was 16,050 per cu. mm. with a normal differential, but by 
Sept. 5, 1951, it was within normal limits. The sedimentation rate on admission was 36 mm. but 
a week later it was normal. Urinalysis revealed traces of albumin and mild pyuria and hematuria. 
Other laboratory determinations including red blood cell count, hemoglobin determination, fasting 
blood sugar, blood urea nitrogen, chest film, and upper gastrointestinal series were normal. 

During the hospital stay he had mild episodes of epigastric and low substernal pain alleviated 
by nitroglycerine and sometimes by donnatal. Otherwise he was asymptomatic and afebrile and 
was discharged on Sept. 13, 1951. 

He remained well till Sept. 4, 1953, when he had to be readmitted due to a severe urticarial 
reaction following a prophylactic dose of T.A.T. As the patient complained of occasional chest 
pain an electrocardiogram was done (Fig. 6). The patient recovered within a few days and was 
discharged eleven days after hospitalization. 
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Case 5.—P. M., a 53-year-old Negro woman, was admitted to the hospital on Aug. 1, 1954, 
because of severe precordial pain of one day duration. 

For one week prior to admission this patient had suffered from repeated bouts of retrosternal 
knifelike pain, radiating to the left arm. These were precipitated by effort and relieved by rest. 

On the day prior to admission, while sitting in the living room, she suddenly experienced a 
similar but more severe episode of chest pain accompanied by generalized weakness, nausea, 
dizziness, and profuse diaphoresis. As the pain persisted the patient was brought to the hospital 
and admitted seven hours after its onset. 
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Fig. 6.—The initial tracing (Aug. 23, 1951) shows inversion of the T waves from V; to V4. A huge 
negative T wave is noticed in V3. Although from Aug. 30, 1951, to Oct. 1, 1951, inversion of the T waves 
from V; to Vs; persisted, the massive negative T wave in V; had disappeared. Two years later (Sept. 8, 
1953) the previously recorded changes had disappeared and inversion of the T wave was only present 
in V;. In no instance were QRS changes recorded in the standard, precordial, or augmented unipolar 


limb leads. 


Physical examination revealed a well-nourished, well-developed woman, complaining of severe 
retrosternal pain and in acute respiratory distress. The blood pressure was 120/90 mm. Hg, 
pulse was 80 per minute, respirations 20 per minute, and temperature 37.3°C. The retinal vessels 
were sclerotic. The cervical vessels were not dilated. The lungs were clear to percussion and 
auscultation. The heart was enlarged. The point of maximum impulse was visible in the fifth 
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intercostal space in the anterior axillary line. The heart sounds were of poor quality. Frequent 
premature beats were present. No murmurs were heard. The liver edge was felt just below the 
right costal margin and was slightly tender. The peripheral vessels were hardened. 

The electrocardiographic sequence is illustrated in Fig. 7 and described in detail in the legend. 

She was started on sedatives, bed rest, and anticoagulants. On the fourth hospital day the 
white blood cell count was 20,600 per cu. mm., with a normal differential. Weekly determinations 
thereafter were within normal limits. The sedimentation rate reached its maximum of 40 mm. 
on the eleventh hospital day. Other laboratory studies including red blood cell count, hemoglobin 
determinations, blood serology, urinalysis, fasting blood sugar, blood urea nitrogen, total cholesterol 
level, and chest film were negative. 

She did well except for febrile spikes from the seventh to the tenth day of hospitalization. 
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Fig. 7.—The initial tracing (Aug. 2, 1954) reveals inversion of the T waves from V; to Vs. Huge 
negative T waves are noticed from V2 to Vs. On Aug. 3, 1954, the giant negative T waves have dis- 
appeared but elevation of the S-T segment from V; to V¢ is noticed. Four days later (Aug. 7, 1954) 
the 8-T elevations have decreased and a QS complex is registered in V; and V4. Repeated tracings 
show reappearance of the inverted T waves (Aug. 20, 1954) but by Jan. 19, 1955, the depth of these 
had decreased. 
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Since her discharge on Sept. 1, 1954, the patient has been followed in the outpatient depart- 
ment for eight months and has been found to be doing well. 


DISCUSSION 


The T wave in the electrocardiogram represents the repolarization of the 
ventricular muscle in its recovery period. Although it might be normally in- 
verted in Lead III and right ventricular leads (Juvenile pattern), its inversion 
in other leads usually signifies an abnormality in the process of repolarization. 

There are conflicting concepts as to the actual zone of damage in cases 
exhibiting inversion of the T waves. It has been claimed for years and still 
accepted by some cardiologists that whenever there are ischemic changes in the 
subendocardial region, the electrocardiogram registers an inverted T wave. 
Some investigators have considered primary massive negative T waves as rep- 
resentative of subendocardial myocardial infarction. The evidence collected 
from work in experimental animals,’ pathologic as well as intracavitary electro- 
cardiographic studies in humans,'®"!-” has established that an inverted T wave 
most likely represents subepicardial involvement. This is further substantiated 
by the inversion of the T waves in pericarditis that at post mortem shows sub- 
epicardial damage. 

Occurrence of giant negative T waves has not been frequently reported. It 
is considered a nonspecific event and could be influenced by multiple physiologic, 
metabolic, and pathologic factors.’ We have encountered a similar electrocardio- 
graphic picture in patients with cerebrovascular accidents and Burch recently 
reported seventeen similar cases. 

We doubt the rarity of this electrocardiographic finding which seems to 
be not uncommonly found when adequate precordial exploration is performed 
in myocardial infarction suspects. 

This fortuitous finding in a patient suffering from coronary artery disease 
challenges the clinical acuity of the observer and its significance presents a dilemma. 

We have presented five cases exhibiting the same characteristics reported in 
one case by Silverman consisting of massive inversion of the T wave, prolongation 
of the Q-T interval, and reversibility of the process* (Table I). In one case there 
were QS complexes and other laboratory evidence of a myocardial dead zone, 
while in the remaining four the QRS complexes and the collateral investigation 
(sedimentation rate, W.B.C., temperature, etc.) remained normal. 

As far as we can tell the tracing shown in Fig. 7 represents the longest Q-T 


interval recorded according to the sex and ventricular rate (Table I). 

TABLE I 

€ 

VENTRIC- | Q-T | UPPERMOST DEEPEST | DURATION OF t 

| SEX | ULAR | INTERVAL NORMAL Q-T* | T WAVES (MASSIVE T-WAVE 

RATE (SEC. ) | (SEC. ) (MM. ) INVERSION 


Case No. 1 | 85 F 58 0.56 0.44 28 9 Days 
Case No.2 | 56 M | 60 0.50 0.42 18 | 20 Days 
Case No. 3 65 | F 80 0.56 0.38 21 Undetermined 
Case No. 4 65 | M 75 0.48 0.38 18.5 7 Days 
Case No. 5 F 84 0.64 0.38 20 | 1 Day 


est 


| 


*According to Ashman and Hull tables. 
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Contrary to the findings of other authors,?* three of our cases did not reveal 
an associated slow ventricular rate or complete A-V block with this T-wave 
phenomenon. Therefore, although increased vagus tone may be a coexisting 
factor, its presence is not necessary for the production of this massive T-wave 
inversion. This is in part substantiated by observations in one of our patients 
who, after atropine administration, had a faster ventricular rate without a 
change in the configuration of the T wave. 

With the administration of sublingual nitroglycerine and intravenous 
aminophylline there was definite improvement in the T-wave pattern. A similar 
response to these drugs has been observed in human beings and experimental 
animals with ischemic negative T waves.'*-¥ 

With the use of oxygen per nasal catheter favorable changes in the electro- 
cardiographic pattern were obtained. Some authors claim that there is neither 
physiologic nor clinical basis for the administration of oxygen to patients with 
symptoms from coronary insufficiency.'® It is quite possible that the electro- 
cardiographic and clinical changes following oxygen administration in coronary 
artery insufficiency is due to a disproportionate increase in the oxygen tension 
in tissues while the arterial oxygen saturation remains unchanged.!7"!8 

Two minutes after the use of intravenous papaverine a distinct improvement 
in the T waves was obtained but by seven minutes it had disappeared. A transi- 
tory development of bigeminy due to unifocal premature ventricular beats was 
initially noticed (Fig. 3). Although never previously reported in human beings 
ventricular arrhythmias have been precipitated in experimental animals by 
the use of intravenous papaverine.’®° This finding suggests that a mechanism 
disorder of ventricular origin (tachycardia or fibrillation) may be responsible 
for the cases of sudden death reported after the intravenous use of this drug. 

In myocardial infarction. suspects the reversibility of the electrocardio- 
graphic findings obtained by coronary vasodilators favors the possibility of an 
ischemic process as the precipitating factors in the production of the giant negative 
T waves. 

In our series of five patients all survived. It appears that although the 
electrocardiographic findings are rather alarming to the observing eyes the prog- 
nosis in these patients depends to a larger extent on other factors, such as the 
severity of the underlying disease. 

It seems that primary giant negative T waves are due to changes in the 
subepicardium rather than the subendocardium. The absence of electrocardio- 
graphic as well as other collateral evidence of a dead zone, the favorable changes 
attained by the utilization of coronary vasodilators, and the reversibility of the 
electrocardiographic pattern suggests that myocardial infarction has not occurred 
but that it may be present in spite of that negative evidence. In some cases 
subepicardial ischemic fibers superficial to a subendocardial dead zone may ac- 
count for this pattern. 

SUMMARY 


1. Five cases with giant negative T waves have been presented. These, 
as the ones previously reported, demonstrate its reversibility, low mortality, 
and no serious impairment of function upon recovery. 
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2. There was definite improvement in the T-wave pattern after the adminis- 
tration of oxygen, nitroglycerine, aminophylline, and papaverine. 

3. The experimental work and clinical course of myocardial infarction 
suspects point to the fact that these changes represent, most likely, subepicardial 
ischemia and that the prognosis is chiefly determined by the coexistence of com- 
plicating factors and the severity of the underlying disease. 

4. In patients with coronary artery disease giant negative T waves may 
represent a subepicardial ischemic area superficial to a subendocardial necrotic 
zone, but the mechanism responsible for this pattern in other conditions is not 
known. 


We express our appreciation to Mrs. Carmen Narvaez Lebron and Miss Aurea Gonzalez for 
their technical assistance. 
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THE IMPORTANCE OF POSITIVE T WAVES IN THE RIGHT 
PRECORDIAL ELECTROCARDIOGRAM DURING 
THE FIRST YEAR OF LIFE 


ROBERT F. ZIEGLER, M.D.* 


Detroit, MIcuH. 


MONG the characteristics of the precordial lead electrocardiogram in normal 
infants is positivity of T waves in right precordial leads during the first 

twenty-four hours of postnatal life, with progressive inversion of this deflection 
during the subsequent three to five days,.® It is also to be noted that these 
initial T-wave changes are probably primary, that is to say, they apparently 
do not depend on associated changes in the form of QRS.° Subsequent obser- 
vations, to be described herein, suggest that the most likely explanation for 
these T-wave characteristics is the neonatal pulmonary artery and right ven- 
tricular hypertension incident to incomplete expansion of the lungs and later 
the decreasing pulmonary arteriolar resistance secondary to the assumption of 
progressively normal lung function. 

If this explanation is valid, then one might reasonably expect some sort of 
direct relationship between the occurrence of T-wave positivity in right pre- 
cordial leads and the degree of elevation of right ventricular pressure as measured 
by cardiac catheterization. Such an apparent relationship was, in fact, observed 
as illustrated in Fig. 1. 

However, since T-wave changes may be either primary or secondary, it 
was considered necessary to analyze right precordial T-wave patterns in relation 
to the configuration of QRS as well as to the level of right ventricular hyper- 
tension. These results are shown in Fig. 2, and indicate the following: 


1. Within a given QRS pattern there is a direct relationship between the 
incidence of positive T waves in leads from the right side of the precordium and the 
degree of elevation of right ventricular mean pressure. 

2. At any given level of right ventricular mean pressure there is a reciprocal 
relationship between the net area of QRS and that of T in right precordial leads. 
In other words, as the relative amplitude of R (expressed as a percentage of the 
total amplitude of RS), and therefore the net area of QRS, becomes more 
positive, the amplitude and area of T tends to become less positive. 


The first clinical value of these observations is their application in the 
differentiation of pathologic from so-called ‘‘physiological’’ or ‘‘normal’’ right 
ventricular hypertrophy in early infancy. With certain qualifications to be 
described, the occurrence of positive T waves in right precordial leads after the 
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first twenty-four hours of postnatal life* is highly suggestive—if not actually 
diagnostic—of right ventricular hypertension and therefore pathologic right 
ventricular hypertrophy of the so-called ‘‘systolic-overload’’* or ‘“‘pressure- 
work’’*.® type. Furthermore, this T-wave pattern, as is evident from Fig. 2, 
and summarized in Table I, is most likely to be diagnostic of right ventricular 
hypertrophy, during infancy at least, when QRS measurements are all normal. 
Such a QRS-T complex may be considered representative of simple right ven- 
tricular hypertrophy uncomplicated by any defect of intraventricular conduction, 
and, especially in infants, characterizes those clinical situations, such as tetralogy 


Positive T - LeadV; 


we 
4 


G 60145 
of 
40 
G 
Q 20} 


1 


30 40 50 60 70 390 0+ 


Mean RV Pressure 


Fig. 1.—The incidence of positive T waves in precordial Lead V;, compared with right ventricular 
mean pressure (expressed in centimeters of water), in 169 infants from birth to one year of age in whom 
left ventricular hypertrophy could reasonably be excluded. Note: (a) the zero incidence of positive 
T waves when right ventricular mean pressure is normal; (b) the increasing incidence of positive T waves 
with increasing right ventricular mean pressure; and (c) the final decrease in positive T waves with 
most extreme right ventricular hypertension. The latter observation can probably be accounted for 
by the fact that in this group with the greatest hypertension are to be found most of the instances of 
marked right ventricular enlargement with superimposed. right bundle branch block. For further 
explanation, see text. 


*In Reference 6—Chapter VIII, Table XX XIII, page 80—there is an error in the figures cited for 
the incidence of positive and negative T waves in precordial Lead V, for the age groups of 1 to 7 days 
and 1 to 3 months. The figures given in the Appendix of the same reference—Fig. 110A, page 183— 
are correct. 
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of Fallot (Fig. 3) and complete transposition (Fig. 4), in which the fundamental 
pathophysiology consists of increased resistance to blood flow from the right 
ventricle. Greater degrees of this type of right ventricular enlargement, as 
observed in marked pulmonary stenosis with a closed interventricular septum, 
more frequently produce electrocardiographic patterns of right ventricular 
hypertrophy associated with right bundle branch block. These correspond to 
Group 3 of Fig. 2, with inverted instead of upright T waves in leads from the 
right side of the precordium, as illustrated in Fig. 5. 
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Fig. 2.—The per cent incidence of positive (solid circles) and negative (open squares) T waves in 
precordial Lead V;, compared with the configuration of QRS and the degree of right ventricular hyper- 
tension in 114 infants from birth to one year of age. The three QRS groups are as follows: I, ampli- 
tude of R = 60 per cent or less of the total amplitude of RS; IJ, amplitude of R = 60 to 85 per cent of 
the total amplitude of RS; III, amplitude of R = 85 to 100 per cent of the total amplitude of RS. The 
three categories of right ventricular (mean) hypertension within each QRS group are, respectively, 
slight, moderate, and marked (N = riormal). For further explanation, see text. (From Ziegler,’ W. B. 
Saunders Co.) 


The second type of value suggested by these data is that of estimating 
within reasonable limits, not only the presence of, but also the degree of physio- 
logic strain and anatomic enlargement of the right ventricle. As already shown, 
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the earliest recognizable and least complicated precordial lead pattern of pressure- 
work hypertrophy of the right ventricle, particularly in infants, consists of a 
single-peaked RS complex which may be within normal measurements for age 
(or, of course, may be characteristic of right ventricular hypertrophy) followed 
by a positive T wave in right precordial leads.’ There is usually clinical evidence 
to support the assumption that this precordial lead pattern represents minimal 
to moderate right ventricular hypertrophy. While there may be considerable 
overlapping, especially in older children and adults, the next degree of right 
ventricular strain and enlargement is suggested by the addition of a right intra- 
ventricular conduction defect (without necessarily increased duration of the 
ORS interval) with a notched or double-peaked R, the amplitude of which is 


Tetralogy -  2mo. 


Wr Vi Ve Ve Vi-6 


Fig. 3.—A typical electrocardiogram in a proved case of tetralogy of Fallot. This precordial lead 
pattern would be normal during the first day of life, and the QRS measurements are not absolutely 
pathognomonic of right ventricular hypertrophy at this age. Upright T waves in the right precordial 
leads are characteristic of right ventricular hypertension and clinical right ventricular hypertrophy. 
This illustration as well as Figs. 4 to 6, 9, and 10 represent anatomically proved cases which are also 
reproduced in Reference 12. 


85 to 100 per cent that of RS, and followed by an inverted T wave in right pre- 
cordial leads (Fig. 5). It has also been suggested! that in this type of precordial 
lead pattern some estimate of the degree of right ventricular enlargement can 
be made by the extent of T-wave inversion across the precordium. There are 
at least two types of precordial lead patterns indicative of the most advanced 
degree of “‘systolic overloading” of the right ventricle: (1) the so-called ‘‘bar- 
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Fig. 4.—Another clinical situation typically characterized by pure systolic overloading of the 
right ventricle with a precordial lead pattern of uncomplicated pressure-work hypertrophy of this 
chamber. There is a multiphasic (+—+) T wave in Lead V., which does not have the same clinical 
significance as pure inversion of T in this lead. 


Pulmonary Stenosis, Closed /V Septum, /ASD. 10mo. 


Fig. 5.—In addition to right auricular enlargement this precordial lead pattern shows right ven- 
tricular hypertrophy complicated by a superimposed right bundle branch block with inverted insiead 
of upright T waves in leads from the right side of the precordium. This is a pattern characteristic of 
moderate to marked ‘‘systolic overloading’ and should not be confused with the right bundle branch 
block pattern of ‘‘diastolic overloading” of the right ventricle.?* 


537 
| 
| | | | 
Var Vo EPS VES 0-6 


Am. Heart J. 
ZIEGLER October, 1586 


Aortic Atresia, PDA 2 Mo. 
/ avi aver 


Total Anom. Pulm. Venous Drainage, IASD 3 mo. 
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Fig. 6.—A, A typical precordial lead pattern of severe pressure-work hypertrophy of the right 
ventricle, with a QR and positive T in right precordial leads. This pattern is highly characteristic of 
aortic atresia” and is shown in contrast with B, a similar precordial QRS pattern but with inverted 
instead of upright T waves in right precordial leads. This of course represents right ventricular enlarge- 
ment on the basis of increased volume flow of blood under relatively normal instead of primarily in- 
creased pressure. 
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TABLE I. THE CLINICAL VALUE OF QRS AND T-WAVE PATTERNS IN THE DIAGNOSIS OF ISOLATED 
RIGHT VENTRICULAR HYPERTROPHY DURING THE First YEAR OF LIFE 


Amplitude of single-peaked R = % RS, Lead V; — 60 
Group distribution 23:5 


Activation time 19.1 63.3 85.2 
T-wave pattern 76.3 46.7 25.8 


The QRS Groups I, II, and III are the same as represented in Fig. 2. This table is also reproduced 
in Reference 9. 


rage’ pattern of Donzelot*®; and (2) that in which there is an R wave, single 
or double-peaked, of near 100 per cent amplitude of RS, followed by an upright 
instead of inverted T, and frequently preceded by a true initial Q wave, all in 
leads from the right side of the precordium. The latter pattern is frequently 
observed in such defects in infants as aortic atresia with a patent ductus con- 
tinuing into the descending aorta (Fig. 6) and in adults the syndrome of patent 
ductus with marked pulmonary artery hypertension and decreased volume of 


pulmonary blood flow.!® 

The foregoing discussion of T-wave patterns in right precordial leads has 
concerned itself, particularly in instances of isolated right ventricular hyper- 
trophy, with (1) the primary effect of increased right ventricular pressure and 
(2) the secondary relation -to the configuration of QRS, in other words, the 
precordial ventricular gradient. It remains to consider the possible relation 
between T-wave patterns in right with those in left precordial leads, and the 
importance of positive T waves in right precordial leads in the electrocardi- 
ographic diagnosis of combined right and left ventricular hypertrophy. 

From Fig. 7 it is evident that in isolated right ventricular hypertrophy the 
T waves in leads from the left side of the precordium are seldom inverted. With 
perhaps a single exception, the occurrence of inverted T waves in left precordial 
leads, even in the presence of right ventricular hypertrophy, may be considered 
highly suggestive evidence of enlargement of the left ventricle. The single 
exception is that in which T waves are inverted across the entire precordium, 
and even left precordial Leads V; and V¢ still represent right rather than left 
epicardial potentials (Fig. 8). It should also be added that if T-wave inversion 
in left epicardial leads be induced by the administration of digitalis (Fig. 9), 
this sign would appear to constitute equally good evidence of left ventricular 
enlargement, alone or with associated right ventricular hypertrophy, and ap- 
parently of either the “diastolic’’ or ‘‘systolic’’ overloading left ventricular types.°* 

It has usually been thought that with inverted T waves in leads from the 
left side of the precordium, as in left ventricular hypertrophy, the presence of 
upright T waves in right precordial leads could be explained simply by consider- 
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ing that Leads V: and V¢ represent opposite poles of a single T-wave vector 
dominated in this case by left ventricular negativity. This is not always the 
case, however, for T waves may be inverted in leads from both sides of the pre- 
cordium in left ventricular hypertrophy. Furthermore, a correlative analysis 
of the electrocardiograms and physiologic data in patients with uncomplicated 
patent ductus arteriosus revealed that in those cases with inverted T waves in 
Leads V; and V, the T waves were positive in leads from the right side of the 
precordium only in the presence of fairly marked right ventricular hypertension 
and inverted when pressure in this chamber was normal or only moderately 


increased.!! 
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Fig. 7.—It is evident from this illustration that T waves are rarely inverted in left precordial leads in 
uncomplicated right ventricular hypertrophy. For further discussion, see text. 


Since T waves are also frequently positive in right precordial leads in con- 
genital tricuspid atresia (Fig. 10), in which the right ventricle is markedly hypo- 
plastic and practically functionless, an attempt was made to clarify further the 
importance of upright T waves in right precordial leads in the presence of pre- 
dominant left ventricular hypertrophy by analyzing the QRS pattern in isolated 
left and combined right and left ventricular enlargement. In infants and chil- 
dren, at least, practically the only clinical situation in which there is isolated 
left ventricular hypertrophy is congenital tricuspid atresia. When there are 
two ventricles and the left is predominantly hypertrophied, there is usually 
associated anatomic enlargement of the right ventricle, with or without significant 
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right ventricular hypertension. By comparing the R/S ratios in Lead V; in 
these two groups—pure left ventricular hypertrophy and combined right and 
left ventricular hypertrophy—it would appear that an R wave amplitude in 
Lead V; of less than about 30 per cent of the total amplitude of RS in the same 


Postop. /ASD 
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Fig. 8.—A and B, Pre- and postoperative electrocardiograms in a child with a large interatrial 
septal defect. Preoperatively T waves are inverted across the entire precordium. However, the ab- 
sence of a good Q wave in Lead Vz, probably means that the ventricular deflections in this lead represent 
the potential variations derived predominantly from the right instead of the left epicardial surface. 
This is further substantiated by the postoperative tracing which displays definite left ventricular com- 
plexes with positive T waves in Lead Vs. 
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Fig. 9.—A and B, The inverted T wave in Lead V5, with or without the administration of digitalis 
signifies an associated left ventricular abnormality, in this case ischemia and hypertrophy (proved 
anatomically). In addition, the first electrocardiogram (A) displays evidence of uncomplicated pressure- 
work hypertrophy or systolic overloading of the right ventricle, with positive T waves in right precordial 
leads. The second electrocardiogram (B) by comparison shows right ventricular hypertrophy plus 
right bundle branch block with inverted T waves in leads from the right side of the precordium. 
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lead constitutes evidence of probable pure left ventricular hypertrophy while 
a ratio of 50 per cent or greater is equally good evidence of associated right 
ventricular hypertrophy, especially with a positive T wave in this lead (Fig. 11). 
Between 30 and 50 per cent the situation is not quite so certain (in infants) and 
may require special studies such as cardiac. catheterization or angiocardiography 
for accurate differentiation. 

Thus far the electrocardiographic observations and their supposed sig- 
nificance have been cited for infants during the first year of life. Although it 
is not yet possible, on the basis of currently incomplete studies, to apply these 
same concepts directly to the electrocardiograms of older children and adults, 
it is possible to state certain qualified impressions. 


Tricuspid Atresia - Amplified 


V4 V5 Ve. 


Fig. 10.—A typical precordial lead pattern observed in tricuspid atresia. The T waves are positive 
in Lead V; but the amplitude of R in this lead is less than 20 per cent of the total amplitude of RS. 
In addition, there is an initial Q in Lead V, simultaneous with an initial R in Lead V>. There is there- 
fore evidence of left ventricular hypertrophy with left bundle branch block. For further discussion, 
see text. 


First, the normal incidence of positive T waves in right precordial leads is 
higher in adults than in children, so that the value of this electrocardiographic 
sign as isolated evidence of pressure-work hypertrophy of the right ventricle 
may be somewhat limited in older age groups. However, it is entirely possible 
that a re-evaluation of the precordial lead electrocardiogram in adults with 
pulmonary stenosis or pulmonary arterial hypertension, and therefore right 
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ventricular hypertension and hypertrophy— in the light of the foregoing obser- 
vations—may yield more exact criteria for the detection of this type of right 
ventricular enlargement on the basis of a single-peaked RS deflection followed 
by a positive T wave in leads from the right side of the precordium. Further- 
more, the presence of a positive T wave ig right precordial leads, together with 
definite QRS evidence of right ventricular hypertrophy, may apparently be 
considered evidence, at any age, of “systolic overloading”’ or increased ‘“‘pressure 
work” as the hemodynamic basis for the right ventricular enlargement. Such, 
for example, is a common pattern representative of precapillary pulmonary 
hypertension and a patent ductus arteriosus with decreased pulmonary blood 
flow, in contrast to that of combined right and left ventricular hypertrophy 
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Fig. 11.—The percentage distribution of the amplitude of R expressed as a per cent of the total 
amplitude of RS in Lead V; during the first year of life. The open circles connected by the broken 
line show the distribution in pure left ventricular hypertrophy represented by tricuspid atresia. The 
solid line shows the distribution in cases with predominant left ventricular hypertrophy, with or without 
associated hypertension or enlargement of the right ventricle. The figures within the arrows represent 
the normal distribution of this measurement for the age groups indicated. 


typical of patent ductus with markedly increased volume of pulmonary blood 
flow and postcapillary pulmonary arterial hypertension.!° This same pattern 
described as typical of uncomplicated right ventricular hypertrophy with a 
single-peaked R or RS and upright T in right precordial leads may also be ob- 
served in older children and adults with pulmonary stenosis, but its incidence 
is less than during the first year of life, probably because of the greater frequency 
with which some degree of right bundle branch block is superimposed over an 
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increased period of time. This also means that, without further study at least, 
any estimation of the degree of right ventricular enlargement from the precordial 
lead pattern may not be as valid in older age groups as was suggested during 
the first year of life. Similarly, electrocardiographic criteria for combined right 
and left ventricular hypertrophy cannot be extended directly from infancy but 
must be determined carefully for each separate age group. It is assumed, of 
course, that the basic principles on which these criteria are based remain the 
same regardless of age.. 

This discussion of the importance of positive T waves in right precordial 
leads would not be complete without an added word of caution. Throughout 
the discussion it has been understood, of course, that the T-wave patterns de- 
scribed are observed in patients in whom the clinical condition is consistent with 
the presence of single or combined cardiac chamber enlargement of the type 
specified. The occurrence of T-wave positivity in right precordial leads as an 
isolated or inconsistent finding cannot necessarily be interpreted in the manner 
described, since there are other factors which may also produce this pattern. 
Especially in older children and adults it may be entirely normal, as it so fre- 
quently is during the first day of life. It may also occur in such diverse situations 
as hyperpotassemia or coronary artery occlusion with posterior wall myocardial 
infarction. The word of caution is, therefore, that one must interpret the elec- 
trocardiographic observations discussed, as one should data obtained by practi- 
cally any laboratory procedure, in the light of the complete clinical situation 
and not as isolated information. 


SUMMARY AND CONCLUSIONS 


1. T waves are normally positive in right precordial leads only during the 
first twenty-four hours of postnatal life and then in a small percentage of cases 
after the first decade. 

2. There is a direct correlation between the incidence of positive T waves 
in right precordial leads and elevation of right ventricular mean pressure, hypo- 
thetical in the case of the normal newborn, proved numerically in cases of patho- 
logic right ventricular hypertrophy after the first day of life. 

3. Three precordial lead patterns are described which, in infancy at least, 
correspond within certain limits to progressive degrees of right ventricular hyper- 
trophy. The first is represented by a single-peaked RS deflection of normal 
measurements, followed by a positive T wave in leads from the. right side of 
the precordium. The second is represented by the superimposition on the 
former pattern of right bundle branch block, in which the detection of pathologic 
right ventricular hypertrophy is certain from the configuration of QRS, but with 
inverted T waves in leads from the right side of the precordium. The third 
is represented by an R wave of 100 per cent amplitude (of RS), frequently pre- 
ceded by a true initial Q wave, and followed by a positive T wave in right pre- 
cordial leads. A fourth pattern which has been described is represented by the 
so-called ‘‘barrage’’ type of Donzelot, with right ventricular potential variations 
(of right ventricular hypertrophy plus right bundle branch block) extending 
across the entire precordium. 
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4. With QRS or T-wave evidence of right ventricular hypertrophy in right 
precordial leads, the occurrence of T-wave inversion in leads from the left side 
of the precordium, with or without the administration of digitalis, constitutes 
strongly presumptive evidence of associated left ventricular hypertrophy, if 
these leads (V; or Ve) represent the potential variations derived from the epi- 


cardial surface of the left ventricle. 
5. In infants with electrocardiographic evidence of predominant left ven- 


tricular hypertrophy, the presence of positive T waves in right precordial leads 
is considered evidence of associated right ventricular hypertension (and probably 
hypertrophy) if the amplitude of R in Lead V; equals or exceeds 40 to 50 per 
cent of the total amplitude of RS in the same lead. The probability of this 
sign indicating associated right ventricular enlargement decreases as the R wave 
amplitude in Lead V, decreases to 20 to 30 per cent or less of the total amplitude 


of RS in this lead. 
6. The observations reported herein, and their significance, are not neces- 


sarily limited to the period of infancy. However, in order to establish accurate 
diagnostic criteria for older children and adults, separate numerical criteria 
will have to be established for each successive age group. 
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UMEROUS authors have emphasized the frequency with which the pattern 

of incomplete right bundle branch block is encountered in the electrocardi- 
ographic tracing of patients with atrial septal defect.!-* Cabrera and Monroy‘ 
have designated this pattern as that of diastolic overloading of the right ven- 
tricle. Barber, Magidson, and Wood? reported that 95 per cent of sixty-two 
cases showed right bundle branch block and stated, ‘““The diagnosis of atrial 
septal defect is almost untenable in the absence of partial or complete right 
bundle branch block.’’ However, their study was largely a clinical one as the 
diagnosis was confirmed by cardiac catheterization in only twenty-one cases. 
The largest published study of uncomplicated atrial septal defect in which the 
diagnosis was established by cardiac catheterization and the hemodynamic 
factors were correlated with the electrocardiographic changes was that of Limon 
Lason and associates,* based on a study of fifty cases. They reported that 86 
per cent showed some degree of right bundle branch block while the remainder 
were either normal or showed electrocardiographic evidence of right ventricular 
hypertrophy. The latter was frequently associated with severe pulmonary 
hypertension. Since the feasibility of surgical closure of atrial defects has 
recently been demonstrated it seemed desirable to undertake a larger study to 
determine if there is any significant correlation between the electrocardiographic 
and hemodynamic changes in this disease entity. It was hoped that such a 
study might shed light on the mechanism producing the characteristic electro- 
cardiographic changes. We can now study not only the normal sequential 
changes of the advancing disease process but also the reverse effects which occur 
following successful closure of the defect. 


METHODS OF STUDY 


The present study is based on ninety-five proved cases of atrial septal defect 
which have been studied by means of cardiac catheterization and did not manifest 
other demonstrable heart disease. The case material and cardiac catheterization 
data was jointly provided by the Cardiovascular Services of Walter Reed Army 
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Hospital, Washington, D. C.; Brooke Army Hospital, Fort Sam Houston, Tex.; 
Fitzsimons Army Hospital, Denver, Colo.; U. S. Naval Hospital, San Diego, 
Calif.; and Letterman Army Hospital, San Francisco, Calif. All electrocardi- 
ograms were assembled and jointly studied by two of the authors, W. J. W. 
and R. H. F., to insure uniformity of measurements and interpretation of tracings. 
The criteria for diagnosis of atrial septal defect were demonstration of an increase 
of at least two volumes per cent in the oxygen content of right atrial blood as 
compared with vena caval samples, passage of the catheter through the defect, 
or demonstration of the defect at surgery or necropsy. Sixteen patients have 
had cardiac catheterization following surgery for repair of their defect. Three 
patients with proved defects had inadequate catheterization data for hemo- 
dynamic consideration but are included in the over-all ECG findings. Since 
our patients consisted of infants, children, and adults, it appeared more meaning- 
ful to consider the ratio of pulmonary to systemic blood flow rather than to 
calculate the shunt in liters per minute. Mean pulmonary artery pressure was 
not available from all catheterization data, so resting right ventricular systolic 
pressure has been used as an index of elevated pressure. In addition, right 
ventricular pressure curves tend to show less distortion and fewer artefacts than 
pulmonary artery tracings. No patient with a significant difference between 
the systolic pressure of the right ventricle and pulmonary artery is included in 
the study. Most patients had 13-lead electrocardiograms consisting of three 
bipolar limb leads, three unipolar limb leads, six unipolar standard precordial 
leads, and a right precordial lead taken either at Vir or V3rx. If the ECG showed 
an RSR’ in either V; or V2, the tracing was arbitrarily interpreted as showing 
the pattern of right bundle branch block regardless of the QRS duration. Trac- 
ings failing to show this pattern in either V; or V2 were interpreted as normal 
or showing right ventricular hypertrophy according to usually accepted criteria. 
No tracing was interpreted as showing left ventricular hypertrophy. 


METHOD OF ANALYSIS* 


One-way analyses of variance methods were used for detecting statistical 
significance in all tests but one. A nonparametric X? (chi square) test was utilized 
to determine whether the variation in cases showing RR’ in either V; or V2 with 
different right ventricular systolic pressures was a result of random factors or a 
result of significant differences. To use the X? test, it was assumed that sta- 
tistical independence existed for this data. For the Analysis of Variance tests, 
it was assumed.-that statistical independence did exist, that the sampling was 
performed on normal frequency distributions, and that these distributions had 
equal amounts of variation. 

ANALYSIS OF DATA 


Of our ninety-five patients, fifty-four were women (57 per cent), and forty- 
one were men (43 per cent). Other studies have indicated a higher preponder- 
ance of women, but our patient load is predominately male. The patients’ 


*Analysis was done by Specialist 3rd Class Leonard A. Marascuilo, AMSS, Brooke Army Medical 
Center, Fort Sam Houston, Tex. 
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ages were somewhat lower than reported in other studies but, again, this is 
attributable to the fact that military patients and their dependents are rela- 
tively young. The youngest patient was 5 months of age, the oldest 40 years. 
The ECG findings varied considerably from previous reports. The QRS dur- 
ation varied from 0.06 to 0.12 second. Only fifteen patients had QRS durations 
greater than 0.10 second. In nine, the QRS duration was 0.11 second, and in 
six it was 0.12 second. The average QRS duration for the ninety-five patients 
was 0.092 second. Only sixty-three (66.3 per cent) showed the pattern of right 
bundle branch block, twenty-four (25.3 per cent) showed right ventricular hyper- 
trophy. The QRS complex was considered to be within normal limits in eight 
(8.4 per cent). 

Table I indicates the age distribution of our patients and records average 
right ventricular systolic pressure by decades. The data suggests that these 
patients tend to develop pulmonary hypertension during the first decade or after 
the age of 30. 


TABLE I. CORRELATION OF AGE AND RIGHT VENTRICULAR PRESSURE 


(YEARS) | NUMBER CASES 


0-9 32 
10-19 8 
20-29 38 
30-39 16 
40-49 1 


As indicated in Table II, five patients had left axis shift of the frontal QRS 
vector. Three of these had: the pattern of right bundle branch block, one right 
ventricular hypertrophy, and one tracing was interpreted as probably normal 
although slightly suggestive of left ventricular hypertrophy. Most patients 
had a significant shift of the electrical axis to the right. Table III indicates 
that, in general, patients whose tracings showed the pattern of right bundle 
branch block had the greatest pulmonary flow; those with normal tracings the 


least. 
TABLE II. Frontat QRS Axis IN 95 Cases oF ATRIAL SEPTAL DEFECT 


AXIS 


Left (less than 0°) 
Normal (0° to plus 90°) 
Right (plus 90° or more) 


The height and duration of the P waves in standard Leads II and III have 
been measured. Using the criteria of Ashman and Hull, our patients demon- 
strated abnormal P waves in Leads II and III in only fourteen instances. In 
Lead II there were eight instances of increased duration of the P waves and seven 


R.V. SYSTOLIC PRESSURE 
| (mM. He) 
44.3 
30.1 
33.2 
51.1 | 
84.0 
CASES 
5 
32 
58 
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TABLE III 


AVERAGE R.V. PULMONARY 
NUMBER | AVERAGE QRS SYSTOLIC | SYSTEMIC 
CASES DURATION | PRESSURE | 
(SEC. ) (mm. HG) | BLOOD FLOW 


Jormal 37.3 
.B.B.B. pattern 34.3 
. V. H. 57.2 


instances of abnormal height. The P wave in Lead III was abnormal in only 
three instances; in two there was increased height and in one increased duration. 
In view of the fact that patients with atrial septal defect have a rather consistent 
dilatation of the right atrium, it seems surprising that the P-pulmonale pattern 
was not seen more commonly. This suggests that right atrial enlargement 
alone does not cause tall peaked P waves in Lead III. Notation has been made 
of the presence or absence of diphasic P waves in Lead V; as evidence of right 
atrial dilatation. Of our patients 51.6 per cent demonstrated this phenomenon. 
This finding would appear, therefore, to correlate better with right atrial en- 
largement than the P-pulmonale pattern in Leads II and III. 

The presence of an initial Q wave in Lead V; has also been reported as evi- 
dence of right atrial enlargement.’ Eighteen of our patients demonstrated 
such a Q wave. Our findings do not support the view that it indicates marked 
right ventricular hypertension since the average systolic pressure for this group 
was only 49.3 mm. Hg as compared to an average of 57.2 mm. Hg in our patients 
with ECG evidence of right ventricular hypertrophy. 

The average P-R interval for the entire group of patients was 0.165 second 
with a range from 0.12 to 0.25 second. Using criteria corrected for age and 
cardiac rate, 93.7 per cent of the P-R intervals fell within the normal range and 
6.3 per cent were prolonged. The average P-R interval for those within the 
normal range was 0.161 second and those with prolonged P-R intervals was 
0.225 second. Only two instances of cardiac arrhythmia were noted in the 
entire group. One patient had a few ventricular premature beats and one 
demonstrated alternating normal sinus with nodal rhythm. Surprisingly, not 
a single case of atrial fibrillation was seen in spite of obvious right atrial dis- 
tention. This is in contrast to its common occurrence in mitral stenosis with 
left atrial distention. 

Table IV summarizes the electrocardiographic findings of the ninety-two 
patients with complete hemodynamic data grouped according to the levels of 
resting right ventricular systolic pressure. In twenty patients the pressure 
was normal, in forty-one slightly elevated, in sixteen moderately elevated, and 
in fifteen markedly elevated—above 60 mm. Hg. There was a striking decrease 
in the incidence of right bundle branch block pattern as pulmonary pressure 
increased (P < .01). Likewise there was a significant shift of the average frontal 
QRS axis toward the right with increasing right ventricular pressure (P < .05). 
These changes occurred without a significant change in the average duration 


550 

I 2.36:1 

I 3.10:1 

2.60:1 

> 


yolume «ECG, HEMODYNAMIC CORRELATION IN ATRIAL SEPTAL DEFECT 551 


TaBLeE IV. SumMMARY OF HEMODYNAMICS AND ECG FINDINGS IN NINETy-Two Patients WITH 
ATRIAL SEPTAL DEFECT GROUPED ACCORDING TO RESTING RIGHT VENTRICULAR PRESSURE 


RESTING RIGHT VENTRICULAR SYSTOLIC PRESSURE 


| 


BELOW ABOVE 


26mm. Hg 26-39. Hg |40-60mmM. Hg| 60mm. Hg 


Number of patients 20 41 16 15 
Frontal QRS axis | Plus 65.3° Plus 84.0° Plus 87.5° | Plus 117.0°** 
% showing RR’ in either V; or V2 78% 62.5% | 26.7%*** 
Average QRS duration .093 sec. .097 sec. | .090 sec.* 
Ratio Lend pulmonary to systemic blood | 


% with ‘R/S or R’/S ratio in V; above 
one J To 5% 86.7% 
% with R/S ratio of less than one in V, | AY y | 40% 


Average height R in V; (R.V.H.) 12.7 mm. 
Average height R’ in V; (R. B.B.B. , ‘ 16.1 mm. 
Average amplitude S in (R.V.H. 9.1 mm. 
Average amplitude S in V, (R. B.B. | 4 12.1 mm. 


Note the marked shift of the electrical axis to the right and the decreased incidence of the pattern 
of right bundle branch block with increasing right ventricular pressure. 

*No significant difference. 

**Significant difference P < .05. 

***Highly significant difference P < .01. 


of the QRS complexes. There was a marked left-to-right shunt of blood in 
patients with normal or slightly elevated right ventricular systolic pressures; 
in such patients the average pulmonary blood flow exceeded three times the 
systemic flow. With increasing pulmonary pressure the pulmonary blood flow 
diminished (P < .01). Sixty per cent of patients with normal right ventricular 
systolic pressure had an R/S ratio of greater than one in Lead V; (the R’/S ratio 
was used in those showing the pattern of right bundle branch block) the incidence 
was somewhat greater in those with pulmonary hypertension, but it seems ap- 
parent from the data that this ratio would be of little value in estimating the 
presence or absence of pulmonary hypertension in the individual case. How- 


TABLE V. ECG anp HEMODYNAMIC FINDINGS IN NINETY-THREE CASES OF ATRIAL SEPTAL DEFECT 
GROUPED ACCORDING TO THE AMOUNT OF PULMONARY BLOOD FLOW 


| PULMONARY PULMONARY | PULMONARY | PULMONARY FLOW 
| FLOW FLOW | FLOW | GREATER THAN 

| LESSTHAN | 1 To 2 TIMES | 2 TO 3 TIMES 3 TIMES 


SYSTEMIC FLOW | SYSTEMIC FLOW | SYSTEMIC FLOW SYSTEMIC FLOW 


Number of patients 3 | 15 32 43 
Electrical axis Plus 115° Plus 109° Plus 80° Plus 79°* 
Average RV systolic pres- | 
sure, mm. Hg 89 57.5 37 33.3" 
Average QRS duration 
(sec. ) | .10 .09 .09 | .094* 


*No significant difference. 
**Highly significant difference P < .01. 
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ever, an R/S ratio of less than one in Lead V¢ would strongly suggest pulmonary 
hypertension and was not encountered in a single patient with normal pulmonary 
artery pressure. It is also apparent that the average height of the R wave in 
V, increases with increasing pressure, similarly the average height of R’ increases 
in tracings showing the pattern of bundle branch block. The amplitude of the 
S wave in Lead V¢ shows the same trend. 

Table V groups the patients according to the amount of pulmonary blood 
flow. Only three patients had predominately right-to-left shunting of blood 
with the calculated pulmonary blood flow less than the systemic flow. Again 
there was no significant relationship between the amount of blood pumped by 
the right ventricle and the QRS duration. However, patients with the least 
pulmonary flow were the ones with pulmonary hypertension (P < .01), and in 
general had the most marked shift of the electrical axis to the right (not sta- 
tistically significant). 


HEMODYNAMIC AND ELECTROCARDIOGRAPHIC CHANGES FOLLOWING SURGERY 


Sixteen patients have had recatheterization and electrocardiographic studies 
two to fourteen months following surgery for repair of their defects (Table VI). 
These studies indicate that the defect was completely closed in twelve cases. 
All but one patient in whom the closure was complete and postoperative studies 
were done after an interval of at least four months showed a drop in right ven- 
tricular pressure. The one patient (Case 12) showed an increase in pressure. 
No explanation for this discrepancy is available and further study of this patient 
is now in progress. A study of these eleven cases shows that following surgery, 
the R/S ratio in V; decreased in every instance. There was a corresponding 
increase in the R/S ration in V¢ in eight of the eleven patients. The axis shifted 
to the left with an average change of from plus 89.8 degrees to plus 75.2 degrees 
and the heart size tended to diminish. Following surgical closure one patient’s 
tracing changed from right ventricular hypertrophy to the pattern of incomplete 
right bundle branch block. All the tracings showing an RSR’ in right precordial 
leads continued to show this same pattern after surgery. However, the R’ 
often showed a striking decrease in amplitude and duration as illustrated in 
Fig. 5. 

In the cases with incomplete closure, there were no such consistent electro- 
cardiographic changes or diminution in heart size. Thus, it is felt that the elec- 
trocardiogram is very useful in postoperative follow-up and that one’can predict 
closure of the defect with considerable accuracy on the basis of the changes in 
the R/S ratio in V; and Vg, axis, and C-T ratio. 


DISCUSSION 


If the characteristic RSR’ pattern seen in the right precordial leads of 
patients with atrial septal defect is due to right bundle branch block the R wave 
represents septal depolarization, the S wave left ventricular depolarization, 
and the R’ delayed depolarization of the right ventricle. 

As this study progressed it became apparent that as these patients developed 
pulmonary hypertension they tended to lose the ECG pattern of right bundle 
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branch block. As indicated in Table IV, more than 75 per cent of individuals 
with normal or slightly elevated pulmonary pressure showed this pattern, while 
it was seen in only 26 per cent of those with severe pulmonary hypertension. 
It seemed illogical that they should be cured of their bundle branch block as 
their disease process progressed, particularly since there was no significant de- 
crease in the duration of their QRS complexes. And it should be emphasized 
that the average QRS duration in these patients with atrial septal defect was 
only slightly greater than for a group of normal individuals. Could one not 
better explain the apparent sequence of events if he assumed that they did not 
have bundle branch block? 


Fig. 1.—ECG showing Leads V; and V2 in a healthy young soldier without heart disease. Note the 
appearance of RR’ when tracing was taken from the second and third intercostal spaces. 


Braunwald and associates* have reported that in right bundle branch block 
there is a significant delay between the onset of the QRS complex and the onset 
of right ventricular systole as determined by cardiac catheterization. The time 
of onset of ventricular systole was measured in thirty of our patients with atrial 
septal defect who had the electrocardiographic pattern of right bundle branch 
block. There was no such delay in the onset of ventricular systole in these 
patients as compared with an equal number with other conditions who had no 
electrocardiographic evidence of bundle branch block. 

Fig. 1 shows Leads V; and V2 from a healthy young soldier without heart 
disease and with normal QRS complexes. Tracings taken on the same individual 
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from the third and second intercostal spaces show an RSR’ pattern. Camerini 
and Davies® have recently reported that more than 80 per cent of normal subjects 
show such RSR’ complexes if the right chest is widely explored. These com- 
plexes represent the three main vectors of ventricular activation as described 
by Penaloza and Tranchesi.'!° R represents the septal vector, S the main ven- 
tricular vector, and R’ the basal vector which is the last portion of the heart 
to be depolarized, and is inscribed after the major ventricular depolarization is 
completed. Kossman and associates," using electrodes on a cardiac catheter, 
described similar RSR’ patterns from normal individuals when the electrode 
was in the pulmonary artery. The R’ disappeared as the electrode was with- 
drawn through the pulmonary valve into the right ventricle and reappeared as 
it was withdrawn through the tricuspid valve. These authors suggested that 
this late positive deflection of the QRS complex was due to electrical depolari- 
zation of the crista supraventricularis—a thick muscular ridge at the base of 
the right ventricle. 


Fig. 2.—ECG in a patient with atrial septal defect before and after complete closure of the defect. 
Following closure the right ventricular pressure was reduced from 100 mm. Hg to 50 mm. Hg. Note 
the appearance of the RSR’ pattern in Lead V, in the postoperative tracing. 


Fig. 2 shows an ECG pattern of right ventricular hypertrophy in a patient 
with atrial septal defect and pulmonary hypertension (100 mm. Hg). Following 
closure of the defect the pressure was reduced to 50 mm. Hg and Lead V; then 
showed the RSR’ pattern of right bundle branch block. At this time the atrial 
defect was completely closed and there was no reason to suspect diastolic over- 
loading of the right ventricle. Similarly Fig. 3 shows an ECG before and after 
surgical correction of mitral stenosis. Before surgery resting pulmonary artery 
pressure was 90 mm. Hg, following surgery it was 30 mm. Hg, and again the 
RSR’ pattern has emerged from a right ventricular hypertrophy pattern in 
Lead V;. Fig. 4 shows the same sequential changes before and after correction 


Date: 1 September 53 433 39 
Lead I vi v6 
Date: 30 June 54 
| Lead I v3 
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of valvular pulmonary stenosis. At the time of the preoperative tracing right 
ventricular pressure was 109/5 mm. Hg, at the time of the postoperative tracing 
it was 32/0 mm. Hg. It would appear that the same ECG changes take place 
in these various entities in response to a change in right ventricular systolic 
pressure. It is believed that the most reasonable explanation for both the 
disappearance of the RSR’ pattern with increasing right ventricular pressure 
and its appearance following a reduction in pressure is that as right ventricular 
pressure rises in atrial septal defect the free wall of the right ventricle hyper- 
trophies, causing the vector of right ventricular depolarization to counterbalance 
the left ventricular vector with disappearance of the S wave in Lead V;. When 
the right ventricular pressure is reduced, hypertrophy of the free wall of the 
right ventricle regresses, the left ventricle again becomes the predominant ven- 
tricle, and an S wave reappears. However, the above explanation cannot be 
true if right bundle branch block is present, since depolarization of the right 
ventricle would then be delayed, would follow depolarization of the left ventricle, 


27 OcToseR 1/953 
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Fig. 3.—ECG in patient with tight mitral stenosis before and after surgery. Resting right ven- 
tricular systolic pressure declined from 90 mm. Hg to 30 mm. Hg following commissurotomy. Again 
note the appearance of the RSR’ pattern in Lead V; as right ventricular hypertrophy regressed. 


and hence could not cancel it out regardless of the degree of right ventricular 
hypertrophy. We believe that the fact it is cancelled out as right ventricular 
pressure increases in atrial septal defect is strong evidence against the presence 
of right bundle branch block and suggests that the RSR’ represents the three 
major vectors of normal cardiac depolarization which differ from the normal 
ECG only as the atrial septal defect has altered the anatomy and physiology 
of the heart. If one denies that right bundle branch block causes the charac- 
teristic ECG pattern of atrial septal defect, he must explain the increased fre- 
quency with which the RSR’ pattern is encountered in right precordial leads 
as compared with other conditions causing right ventricular hypertrophy, as 
well as the quantitative increase in size and duration of the R’. We believe 
there are two factors involved; the first is related to the position of the heart 
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and the second to the difference in type of hypertrophy. Roesler' noted that 
due to the enormous size of the right atrium in atrial septal defect the anterior 
atrioventricular sulcus was found to correspond approximately to the median 
line, and might even lie to the left of it. As a result of this leftward displace- 
ment of the ventricles which has also béen noted by Kjellberg and associates,” 
Lead V; is usually located either over the right atrium or over the extreme basal 
portion of the right ventricle and would be expected to record the basal cardiac 
vector as a positive deflection, particularly if there was hypertrophy of the 
muscle fibers that contributed to the right portion of the basal vector. Leads 
V2 and V; would be expected to reflect the free wall of the right ventricle and 
show an RSR’ if right bundle branch block were present. Only thirty-five of 
our ninety-five patients manifested an RSR’ in Lead V2 and it was rarely en- 
countered in Lead V3. 


VR VR VW 


Fig. 4.—ECG in a patient with pure pulmonary stenosis. At the time of the preoperative tracing 
(A), May, 1953, the right ventricular systolic pressure was 109/5 mm. Hg. The pressure was reduced 
to 32/0 mm. Hg at the time of the postoperative tracing (B), December, 1954. The pressure in the 
pulmonary artery was then 32/11 mm. Hg and there was no evidence of pulmonic insufficiency that 
would cause diastolic overloading of the right ventricle. Again note the appearance of the RSR’ pattern 
in Lead V; as right ventricular hypertrophy subsided. 


Recent studies by Prinzmetal'* and Sodi-Pallares® indicate that only the 
outer portions of the ventricular wall and those other portions of the heart that 
do not receive Purkinje distribution contribute to the vectors of ventricular 
depolarization. The schematic diagram, Fig. 5, gives a possible explanation 
for this phenomenon. Due to Purkinje distribution to the inner portion of the 
ventricle with simultaneous discharge from many foci, electrical depolarization 
of this portion of the heart cancels itself out. If this concept is true, hypertrophy 
of portions of the heart receiving Purkinje distribution would not alter the QRS 
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complex while hypertrophy of those portions of the heart not receiving such 
distribution would receive disproportionate representation in the QRS complex. 
The base of the heart is presumably the last portion to be depolarized because 
it fails to receive Purkinje distribution and its wave of depolarization proceeds 
more slowly. Hypertrophy of this portion of the heart would not only prolong 
depolarization but would produce disproportionate representation in the over-all 
cardiac vector. Since this depolarization is spreading through ventricular mus- 
cle, it would be propagated at the same rate as is seen in bundle branch block, 
thus producing an increase in duration and height of the R’ and the characteristic 
tear-drop contour of the terminal portion of the vector loop. Kjellberg and 
associates,"* have reported that the characteristic pathology in atrial septal 
defect in the absence of pulmonary hypertension is for the free wall of the right 


Fig. 5.—Schematic diagram to explain why hypertrophy of certain portions of the heart might not 
alter the QRS complex while hypertrophy of other portions would produce disproportionate alteration 
in the QRS complex. (Drawing by George J. Thomas.) 


ventricle to be of normal thickness with marked hypertrophy of the crista supra- 
ventricularis, its parietal and septal bands and the trabecular network of the 
right ventricle. Hypertrophy of the free wall of the right ventricle is reported 
to occur as pulmonary hypertension develops. The usual hemodynamic alter- 
ation in atrial septal defect requires the right ventricle to pump approximately 
three times its normal volume of blood. Studies by Rushmer and associates,” 
have indicated that right ventricular contraction is accomplished almost ex- 
clusively by shortening along its longitudinal axis without significant narrowing 
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of the width or thickness of the right ventricular cavity. By contrast, left ven- 
tricular contraction is associated with simultaneous reduction in width and 
length of the chamber. The muscles of the basal portion of the right ventricle 
appear to bear the major burden imposed by an increase in stroke volume in 
contrast to the concentric hypertrophy of the right ventricular wall encountered 
in other conditions that increase right ventricular work. It is suggested that 
selective hypertrophy of the basal portion of the right ventricle—probably the 
crista supraventricularis and associated structures without bundle branch block 
can explain the altered electrocardiographic pattern seen in atrial septal defect. 
As pulmonary hypertension develops the ECG pattern of hypertrophy of the 
free wall of the right ventricle is superimposed on this picture. 


v2 ¥3 v4 v5 v6 v7 


Fig. 6.—Pre- and postoperative ECG following complete closure of atrial septal defect. Note the 
marked regression in the amplitude and duration of the R’ in Leads V; and V2. Also note that the R’ 
is still present in the postoperative tracing. It is suggested that these changes result from subsiding 
hypertrophy of the basal portion of the right ventricle which is no longer pumping an increased volume 
of blood. 


Fig. 6 shows the marked regression of R’ that may occur after surgical 
closure of an atrial defect. The patient still shows the RSR’ pattern of in- 
complete right bundle branch block but the R’ is now rudimentary and com- 
parable to the basal vector of a normal heart as was illustrated in Fig. 1. If 
this R’ were due to bundle branch block, one would expect it to either disappear 
or remain relatively unchanged; but not gradually to diminish. We believe 
this regression in the R’ corresponds to decreasing hypertrophy of the basal 
portion of the right ventricle which is no longer pumping an excess volume of 
blood. The above views should be tested by direct electrocardiograms taken 
from the surface of the heart at surgery and by means of intracardiac leads. 
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We hope to obtain such tracings in the near future. We do not wish to imply 
that right bundle branch block may not occur with atrial septal defect; however, 
we doubt that it is a common occurrence. The pattern of right bundle branch 
block remains a useful electrocardiographic sign of diastolic overloading of the 
right ventricle and should suggest the diagnosis of atrial septal defect to the 
clinician regardless of the mechanism by which it is produced. 


SUMMARY 


The electrocardiographic changes and hemodynamic factors have been 
correlated in ninety-five cases of atrial septal defect. The electrocardiograms 
of 66.3 per cent revealed the pattern of right bundle branch block, 25.3 per cent 
showed right ventricular hypertrophy, and 8.4 per cent were considered normal. 
The majority of patients had a significant shift of the QRS axis to the right; 
only five had left axis shift of the frontal QRS axis. 

In spite of the marked right atrial dilatation that is known to occur in this 
entity, P-wave abnormalities were uncommon in Leads II and III. Approximately 
one-half of the patients demonstrated diphasic P waves in Lead V;. Atrio- 
ventricular block and cardiac arrhythmias were rare in this series and no instance 
of atrial fibrillation was encountered. 

As right ventricular systolic pressure increased, the pattern of right bundle 
branch block decreased and was replaced by that of right ventricular hyper- 
trophy. There was an associated shift in the frontal QRS vector to the right. 
The pulmonary flow diminished as elevation in right ventricular pressure oc- 
curred. ECG signs of increased pressure also included an R/S ratio in V¢ of 
less than one. 

Following successful closure of interatrial septal defects the right ventricular 
systolic pressure fell, the electrical axis of the frontal QRS vector shifted toward 
the left, and the R/S ratio in V; decreased. In patients showing the pattern 
of right bundle branch block the R’ in V, often showed a striking decrease in 
amplitude and duration. The pattern of incomplete right bundle branch block 
has been observed to emerge from that of right ventricular hypertrophy after 
closure of the atrial defect. 

It is suggested that the pattern of right bundle branch block encountered 
in atrial septal defect represents the normal cardiac vectors, not bundle branch 
block. It is believed the characteristic electrocardiographic pattern represents 
selective hypertrophy of the basal portion of the right ventricle secondary to 
increased right ventricular stroke volume. As pulmonary hypertension de- 
velops, the electrocardiographic pattern of hypertrophy of the free wall of the 
right ventricle is superimposed on this picture. This occurs relatively early 
in the ORS complex. 


SUMMARIO IN INTERLINGUA 


In 95 provate casos de defecto del septo atrial le electrocardiogrammas 
esseva correlationate con le alterate hemodynamica. In plus il esseva possibile 
correlationar le cambiamentos in 16 patientes in qui catheterisation cardiac 
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habeva essite repetite post le clausura chirurgic de lor defecto. Super le base 
de un analyse de iste datos nos conclude que !e characteristic configurationes 
electrocardiographic que es vidite in casos de defecto del septo atrial non repre- 
senta bloco del branca dextere sed hypertrophia selective del portion basal del 
ventriculo dextere, resultante de augmentos in le dextero-ventricular volumine 
per pulso. In tanto que hypertension pulmonar se disveloppa e es sequite per 
hypertrophia del libere pariete del ventriculo dextere, le configurationes electro- 
cardiographic conventional de hypertrophia dextero-ventricular es superimponite 
al prime portion de iste complexo QRS. 
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SPATIAL REPRESENTATION OF CARDIAC VECTORS 
WITH THE AID OF TABULATED FUNCTIONS 


J. VON DER GROEBEN, M.D. 


MANTECA, CALIF. 


N ORDER to arrive at a spatial representation of cardiac vectors the Cartesian 

coordinates as obtained by oscilloscopic or derived vector lead planes have to 
be translated into spherical coordinates. Two such sets of spherical coordi- 
nates have been used by different investigators: (A) Azimuth and elevation, 
(B) Frontal plane angle a® and the angle of its tilt. A construction of azimuth 
and elevation by means of a mechanical device was suggested by E. Simonson. ! 
Einthoven’s frontal plane angle a® in combination with its forward or backward 
tilt is used by Grant,? Hurst and Woodson,’ and others. Set A as well as set B 
describes uniquely the position of the vector in space. Set A uses the standard 
terms of spatial orientation, set B has the advantage of using Einthoven’s angle a’ 
which still remains to be the most frequently used angle in electrocardiography. 
The angle tilt, which is the complementary angle of the direction cosine of the 
AP axis, is criticized for: being mixed and requiring reorientation,‘ yet it has 
been used successfully by a number of investigators. 

Fig. 1 illustrates the named spherical coordinates. The xz plane represents 
the horizontal plane, the xy plane the frontal plane. Angle DCE = azimuth, 
angle PCD = elevation, angle ACB = frontal plane angle a°, angle ACP = tilt. 
If the numerical values of x, y, and z are given, as in the case of simultaneously 
recorded perpendicular lead planes (frontal plane and horizontal plane or frontal 
plane and sagittal plane), the spherical coordinates can be arrived at by equations 
of transformation which translate the Cartesian coordinates into spherical coordi- 
nates. 

If a frontal and a horizontal plane projection of the spatial loop are given 
and if set A is used, then the angle azimuth can be read directly from the hori- 
zontal plane projection, and elevation has to be computed from the equation 
of transformation. If set B is used, the frontal plane angle is read directly from 
the frontal plane projection, and the angle tilt has to be computed from the 
equation of transformation. 

To facilitate the spatial representation of cardiac vectors, simple circular 
functions ‘with two variables were found and tabulated. These enable us to 
read the angle elevation directly from Table II, if set A is used, and the angle 
tilt from Table I, if set B is used. This makes it unnecessary to obtain the 
numerical values of x, y, and z._ By consulting the tables we avoid cumbersome 
computations or the necessity of constructing mechanical devices. 
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In Tables I and II, the vertical column on the left headed by a° represents 
the frontal plane angle (as given by the frontal plane projection of the vector), 
the horizontal column headed by ¢° represents the angle azimuth (as given by 
the horizontal plane projection of the vector). If set A is used the angle elevation 
will be found in the corresponding field of Table II. If set B is used the angle tilt 
will be found in Table I. The tables do not answer as to whether the tilt is 


Fig. 1. 


anterior or posterior, or whether elevation is below or above the horizontal 
plane. This information can be obtained directly, though, if two lead plane 
projections are given. If we use a multilead system for the horizontal plane, 
arriving at the spatial vector by means of transitional pathways, a method used 
by Grant and others,? we simply add 90 degrees to the angle azimuth to make 
it equal the angle of the transitional pathway and then use the tables for ob- 
taining the spherical coordinates in the same manner as described above. 
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TaBLe I. T° = cot-! (tan ¢°/cos a’) 


T° (¢°, a”) 


130° 
50° 


140° 
40° 


| 
| 


| 
| 
| 
| 


150° 


135° 

130° 

125° 

120° | 
115° 65° 
110° 70° 


T° = Tilt, a° = Einthoven's frontal plane angle, ¢° = Azimuth. 


In the transitional pathway method, which uses the conventional pre- 
cordial leads, these are assumed to be near the level of the point of origin of 
the cardiac vector. This is certainly only a gross approximation. A deviation 
above or below this line introduces a third variable. In view of the other dis- 
torting factors, especially the inadequate representation of noncentral vector 
components in the mean instantaneous vector, which was demonstrated for 
the conventional precordial leads by O. Schmitt,’ it seems unwarranted to in- 
corporate this factor. From the standpoint of geometric analysis the third 
variable, if neglected, produces its maximal distortion when we are dealing with 
vectors which are in the neighborhood of = 90 degrees, as seen in the frontal plane 
projection, and which have a slight forward or backward tilt. It also has to 
be realized that, when such vertical vectors tilt further anteriorly or posteriorly, 
their accurate determination in space becomes more and more difficult since 
a marked shift in the tilt will produce only a slight shift in the transitional path- 
way. The partial derivative expressing the ratio of the increment of the tran- 
sitional pathway angle (azimuth + 90°) to the increment of the tilt for a given 
angle a® is the mathematical formulation of this difficulty. A tabulation of 
this function is found in Table III. It is added merely for the purpose of illus- 
tration, realizing that it has no quantitative use. 
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100° 80° 45° 26° 17° 12° 8° 6° 4° ? 0° 
95° 85° 26° 9° 6° 4° if 0° 
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TaBLeE II. E° = (cot a°/sin ¢°) 


170° 140° | 130° 
10° 40° | 50° 


180° | 
| 


160° 20° | 

155° 25° 

150° 30° 

145° 35° 

140° 40° 

| 
135° — 
130° 50° | — 
125° | — 


120° 60° | 
115° 65° 
110° 70° 


105° 75° | 


E° = Elevation, ¢° = Azimuth, a° = Einthoven's frontal plane angle. 
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TABLE III. —$ = — , k= 1/cos 
AT-—0 AT°® 1+ (tan T°. 
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SUMMARY 


Two tables, representing simple circular functions with two variables are 
introduced which enable us to translate the Cartesian coordinates x, y, and z, 
given in plane projections, directly into spherical coordinates without numerical 
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—~ | | 120° | 110° | 100° | 90° 
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| 

16° 17° 19° 20° | 20° 
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37° 41° 43° | 45° | 45° 
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26° | 43° | 54° 61° 65° 67° 69° 70° | 70° 

33° | 52° | 62° | 67° | 71° | 73° | 74° | 75° | 75° 
100° 80° 45° | 63° 7) 2 77° 78° 79° 80° | 80° 
SS 63° | 76 80° 82° 84° 84° 85° 85° | 85° 
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170° 10° | | 1.0 
160° 20° | 1.0 | 

130° 50° 0.6 | 
120° 60° 19/45 | 1.1 | 0.9 0.5 | 

110° 70° Ret | 0.4 

100° 80° 2.9 | 1.2 | 06 | 0.4 0.2 | 
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computation. This makes it possible to determine the spatial vector without 
the aid of a mechanical device even if the numerical value of the AP axis is not 
given, as in the case of the transitional pathway method used by Grant and 
others. 
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LEFT HEART CATHETERIZATION 


IJ. Wits PARTICULAR REFERENCE TO MITRAL AND AORTIC 
VALVULAR DISEASE 


BENJAMIN G. Musser, M.D.,* JAMEs BouGas, M.D., AND 
HARRY GOLDBERG, M.D. 


PHILADELPHIA, PA. 


HE pathologic physiology of mitral valvular disease has been evaluated by 

right heart catheterization.'-* With exception of estimation of the left 
atrial pressure by measuring the pulmonary capillary pressure, the data obtained 
reveal the effects of the lesion upon the pulmonary circulation. Since the existing 
pulmonary hypertension often is a reflection in part of pulmonary vascular 
changes rather than of the obstruction at the mitral valve, a more accurate 
method is desirable. In the assessment of the dynamics of aortic valvular 
disease, right heart catheterization has little value.’ Left heart catheterization 
by direct left atrial puncture offers direct evidence of obstruction at the mitral® 
and aortic valves.’ It is the purpose of this paper to report the results in 127 
consecutive cases of left heart catheterization in two normal subjects and in 
125 patients with rheumatic heart disease. 


METHODS AND MATERIALS 


The method of left heart. catheterization by the transthoracic route is de- 
scribed in Part I of this report. This study includes data obtained in 127 
catheterizations in 120 patients. Simultaneous catheterizations of the right 
and left sides of the heart were performed twenty-four times in twenty-one of 
these patients, the data of which will be presented elsewhere. 

Left atrial pressure tracings were obtained in 126 cases, left ventricular 
tracings in 113 cases, and central aortic tracings in twenty-eight cases of the 
entire group. Attempts to pass the catheter into the central aorta were not 
made routinely. The pressure gradient across the mitral valve during ven- 
tricular filling (VFG) was determined by planimetry. The gradient was also 
determined at three points—early, middle, and late diastole. The pressure 
gradient across the aortic valve was calculated fromm the left ventricular and 
central aortic pressure tracings. When the aortic pressure was not obtained, 
the gradient was calculated from the brachial arterial pressure tracing. 
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RESULTS AND INTERPRETATION 


Normal Subjects—There were two patients with normal cardiovascular 
systems studied. The mean left atrial pressures were 5 and 8 mm. Hg, re- 
spectively. The left atrial pressure tracing showed three positive waves, a, c, 
and v (Fig. 1). The ‘“‘a’’ wave due to atrial systole is followed by a ‘‘c’’ wave 
occurring during the isometric phase of ventricular systole. The ‘‘v’’ wave, 
occurring late in systole, is due to filling of the atrium from the pulmonary veins. 
A distinct negative dip (x wave) existed between the ‘‘c’”’ and ‘‘v’’ waves. The 


‘ta’ waves measured 9 and 12 mm. Hg, “‘c’’ waves 6 and 10 mm. Hg and the ‘‘v 
waves 5and 8mm.Hg. The v-c differences were —1 and —2 mm. Hg. 


Fig. 1.—Normal. Lower: Left atrial pressure tracing. Note a,c, and v waves. 
x wave is negative dip between cand v waves. Top: ECG. 


The end diastolic pressures in the left ventricle were 4 and 8 mm. Hg, re- 
spectively. There was no demonstrable atrioventricular pressure gradient 
during diastole in these two individuals (Fig. 2). No systolic pressure gradient 
existed between the left ventricle and the aorta (Fig. 3). Negative gradients 
of 15 and 10 mm. Hg between the left ventricle and brachial artery were found. 


Mitral Stenosis —There were twenty-six patients with pure mitral stenosis. 
Twenty-five of these were subsequently proved at surgery. The mean left 
atrial pressures varied between 8 and 40 mm. Hg. The contour of the left atrial 
pressure tracing was determined by the type of rhythm. In thirteen with normal 


sinus rhythm the atrial tracings presented a, c, x, and vwaves. The ‘‘a’’ waves 


ranged in height between 12 and 50 mm. Hg (Fig. 4) and ‘‘c’’ waves occurred 
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near the peak or on the downstroke of the ‘‘a’’ wave. Occasionally the tracing 
was so indistinct that only 2 positive waves, a and v, were identifiable. The 
“y’’ waves ranged between 8 and 40 mm. Hg; v-c was usually a negative value 
(—1 to —10 mm. Hg). 


Fig. 2.—Normal. A, Lower: Continuous pressure tracing as catheter is withdrawn from left 
ventricle to left atrium. Middle: Brachial artery tracing. Upper: ECG. B, Left atrial and 
ventricular pressure tracings superimposed. Note absence of ventricular filling gradient. 


Atrial fibrillation was present in twelve patients. In this group, ‘‘a’’ waves 
were naturally absent in the left atrial pressure curve, while ‘‘c’’ waves (ranging 
between 16 and 31 mm. Hg) were constantly observed. The x wave was gener- 
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ally small. The v-c differences ranged between 2 and 10 mm. Hg, with an aver- 
age of 4.5 mm. Hg. 

The end-diastolic pressure in the left ventricle was generally within normal 
limits. It was greater than 8 mm. Hg in only four patients, being 10 mm. Hg 
in two, and 12 mm. Hg in the remaining two. 

The ventricular filling pressure gradients (VFG) across the mitral valve 
ranged between 4 and 37 mm. Hg (Fig. 5). This gradient varied during diastole 
depending upon the type of rhythm. In those patients having normal sinus 
rhythm, the gradient was increased during the latter portion of diastole. The 


Fig. 3.—Lower: Continuous pressure tracing as catheter is withdrawn from aorta to left ventricle. 
Middle: Brachial artery tracing. Upper: ECG. 


larger the ‘‘a’’ waves in the left atrial pressure tracing, the greater was the gradi- 
ent during the latter part of diastole (Fig. 6,4). In those with atrial fibrillation, 
the pressure gradient was greatest early in diastole, declining during mid- and 
late diastole (Fig. 6,B). 

In genéral, there was a fair correlation between the ventricular filling pres- 
sure gradient and the size of the mitral valve orifice found at surgery. For 
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example, when this gradient was 20 mm. Hg or greater the mitral valve was a 
finger tip (0.95 cm.’) or less in size. When the gradient was less than 10 mm. 
Hg the valve orifice was approximately 1 fingerbreadth (1.8 cm.’) or less in size. 
However, when the gradient was between 10 and 20 mm. Hg the correlation was 
poor. 
There was no demonstrable systolic pressure gradient across the aortic 
valve in those patients in whom the aorta was entered (Fig. 7). A negative 
systolic gradient existed between the left ventricle and brachial artery ranging 
between zero and —22 mm. Hg. In one patient this was —22 mm. Hg, in two 
—20 mm. Hg, and in the remaining —18 mm. Hg or below. 

Mitral Regurgitation.—Fifteen patients were proved subsequently at surgery 
to have pure mitral regurgitation. The mean left atrial pressures in this group 
varied between 10 and 33 mm. Hg, averaging 15 mm. Hg. Three patients had 
normal sinus rhythm. The ‘‘a’’ waves were 20, 22, and 25 mm. Hg in height; 
the ‘‘c’” waves 18, 23, and 28 mm. Hg, the ‘‘v’’ waves 22, 18, and 36 mm. Hg, 
and the v-c differences, 4, —5, and 8 mm. Hg. 


Fig. 4.—Mitral stenosis. Lower: Left atrial pressure tracing in patient with 
normal sinusrhythm. Note giant ‘‘a’’ wave. 


Twelve patients had atrial fibrillation and ‘‘c’’ waves were identifiable in 
the atrial tracing in all but two in whom a single wave was found. The “‘c’’ 
waves ranged between 11 and 28 mm. Hg in height; the ‘“‘v’’ waves 20 to 46 mm. 
Hg; and the v-c differences 6 to 15 mm. Hg, with an average of 9 mm. Hg. 

Left ventricular tracings were obtained in nine patients, three with normal 
sinus rhythm, six with atrial fibrillation. The end-diastolic pressure in the left 
ventricle was 8 mm. Hg or below in all but one patient, in whom it was 18 mm. 
Hg. There was no demonstrable ventricular filling pressure gradient in three 
patients. In the remaining six, the gradient ranged between 2 and 9 mm. Hg, 
averaging 6mm. Hg. These gradients were observed early in diastole. During 
mid- and late diastole the gradient returned to within normal limits (Fig. 8,A). 
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The left ventricular-brachial artery gradient was similar to that observed in 
normal subjects and pure mitral stenosis ranging between —5 and —20 mm. 


Hg. 


Fig. 5.— Mitral stenosis. A, Lower: Continuous pressure tracing as catheter is withdrawn from 
left ventricle to left atrium. B, Left atrial and ventricular pressure tracings superimposed. Note 
ventricular filling pressure gradient. 


Mitral Stenosis and Regurgitation Fourteen patients had combined mitral 
stenosis and regurgitation. The rhythm was a normal sinus mechanism in only 
one and atrial fibrillation in the others. The mean left atrial pressure ranged 
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between 12 and 33 mm. Hg, averaging 22 mm. Hg. The ‘‘c’”’ waves were identi- 
fied in all but one of these cases and ranged between 14 and 36 mm. Hg and “‘v”’ 
waves 20 to52 mm. Hg. The v-c differences ranged between 3 and 16 mm. Hg, 
with an average of 6.8 mm. Hg. 


40- 


Fig. 6.—Ventricular filling pressure gradient in pure mitral stenosis in presence 
of normal sinus rhythm (A) and atrial fibrillation (B). 


Fig. 7.— Mitral stenosis. Continuous pressure tracing as catheter is 
withdrawn from aorta to left atrium. 


The left ventricle was catheterized in thirteen of the fourteen patients. 
The end-diastolic pressure in the left ventricle was 8 mm. Hg or below in all. 
The ventricular filling pressure gradient ranged between 1 and 21 mm. Hg. 
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The gradient resembled that observed in patients with mitral stenosis. In the 
single patient with normal sinus rhythm, the gradient was increased late in 
diastole, while in those with atrial fibrillation, the gradient was highest early 
and decreasing late in diastole (Fig. 8,B). The gradient did not remain as high 
late in diastole as in the group with pure mitral stenosis, but did not drop to 
the normal range as in patients with pure mitral regurgitation. The left ven- 
tricular-brachial arterial gradient ranged between 0 and —13 mm. Hg. 


Aortic Stenosis.—Thirty-eight patients with aortic stenosis were studied. 
Nineteen had pure aortic stenosis. In only three cases of the latter group was 
it not possible to enter the left ventricle. The-end diastolic pressure in this 
chamber in sixteen patients ranged between 5 and 40 mm. Hg, being below 10 
(5, 6, and 6) mm. Hg in only three. The aorta was entered in seven patients. 
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Fig. 8.— Ventricular filling pressure gradients in pure mitral regurgitation (A) and in mitral stenosis 
and regurgitation (B). All have atrial fibrillation. O O = normal sinus rhythm; @——e = atrial 
fibrillation. 


Systolic pressure gradients across the aortic valve were found in all cases and 
they ranged between 80 and 150 mm. Hg (Fig. 9). The left ventricular-brachial 
arterial pressure gradient for the entire group ranged between 30 and 135 mm. 
Hg. In two patients the pressures within the aorta and brachial artery were 
recorded simultaneously. When using aorta instead of brachial artery in calcu- 
lating the pressure gradient, the latter was 2 and 20 mm. Hg greater, respectively. 
The left atrial pressure tracings demonstrated large ‘‘a’’ waves which ranged 
between 10 and 44 mm. Hg in height. A ventricular filling pressure gradient 


was demonstrable in only one case in which it was 3 mm. Hg. 


Aortic Regurgitation—Five cases of aortic regurgitation were studied. 
In one, the right atrium instead of the left atrium was catheterized. The left 
ventricle was not obtained in one other patient. In the remaining three the 
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left ventricular-brachial arterial pressure gradients were 0, —18, and —20 mm. 
Hg, respectively. The end-diastolic pressures in the left ventricle were 4, 4, 
and 7 mm. Hg. The mean left atrial pressures were 5, 10, and 14 mm. Hg. 
The ‘‘a’’ waves measured 13, 20, and 16 mm. Hg in height. 


Aortic Stenosis and Insufficiency—There were three cases in this group. 
The end-diastolic pressures in the left ventricle were 14, 20, and 28 mm. Hg. 
The pressure gradients between left ventricle and brachial artery were 22, 76, 
and 100 mm. Hg. An aortic tracing was obtained in only one patient in this 
group. The aortic pressure (140/85 mm. Hg) was similar to the brachial arterial 
pressure (136/64 mm. Hg). The mean left atrial pressures were 18, 20, and 
27 mm. Hg. The ‘‘a’’ waves were large (22, 24, and 33 mm. Hg in height). 


Fig. 9.—Aortic stenosis. Lower: Continuous pressure tracing as catheter is withdrawn from aorta 
to left ventricle. Note systolic pressure gradient. Upper: ECG. 


Multivalvular Disease.—Nineteen patients with involvement of the mitral 
and one more valve constitute the last group studied. Left ventricular pressure 
tracings were obtained in all but two patients in this group. 

This group includes sixteen cases of mitral stenosis with aortic stenosis. 
The ventricular filling pressure gradients ranged between 3 and 27 mm. Hg. 
The systolic left ventricular-brachial arterial pressure gradients ranged between 
+16 and 50 mm. Hg, except for one patient in whom this gradient was 110 mm. 
Hg. In this patient the ventricular filling gradient was 11 mm. Hg, and he 
was found to have a tight mitral stenosis as well as a tight aortic stenosis at 
surgery. The end-diastolic pressure in the left ventricle was generally lower 
for this group than for aortic stenosis alone. It was 10 mm. Hg or below except 
for one patient in whom it was 20 mm. Hg. This patient had the smallest ven- 
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tricular filling pressure gradient, of 3 mm. Hg. The ‘“‘a’’ waves were large, 
resembling those with pure mitral or pure aortic stenosis. There were three 
patients who had stenoses of aortic, mitral, and tricuspid valves. The presence 
of associated tricuspid disease had no apparent effect upon the intracardiac 
dynamics on the left side. 

DISCUSSION 


The normal left atrial pressure tracing consists of three positive waves, as 
shown previously.® Atrial systole is accompanied by the ‘‘a’’ wave. Isometric 
contraction phase of the left ventricle produces a positive wave in the left atrial 
pressure tracing, the ‘“‘c’’ wave, due to bulging of the mitral valve. Braunwald 
and associates!® showed that this wave occurs in absence of ventricular ejection 
and, hence, the aortic pulse does not contribute to the production of this wave. 
Filling of the left atrium from the pulmonary veins produces the “‘v’’ wave. 
A distinct negative ‘‘x”” wave is observed between the ‘‘c” and ‘“‘v’’ waves. This 
is attributed to descent of the base of the heart during ejection of blood from the 
ventricle, tending to increase the volume, thus a negative pressure within the 
atrium. 

There is no demonstrable pressure gradient across a normal mitral or aortic 
valve by the methods employed in this study. In reality, a small gradient must 
exist, since flow occurs across these valves. A small negative systolic pressure 
gradient exists between the left ventricle and brachial artery. 

The characteristic finding in mitral stenosis is the presence of a pressure 
gradient during ventricular filling. This has been referred to as the ‘‘ventricular 
filling pressure gradient” rather than diastolic pressure gradient, since this period 
includes a portion of the isometric phase of ventricular contraction.'® In general, 
there was fair correlation between the size of mitral valve orifice found at surgery, 
and the gradient when the latter was greater than 20 mm. Hg or less than 10 mm. 
Hg. When the gradients were 10 to 20 mm. Hg the correlation was not good. 
However, in one patient the gradient of only 4 mm. Hg was accompanied by an 
orifice finger tip (0.95 cm.”) in size with no demonstrable regurgitation. 

The pressure gradient is not only a function of the mitral valve orifice size 
but also of the magnitude and character of blood flow. Without a knowledge, 
then, of the rate of blood flow across the mitral valve, the degree of the stenosis 
cannot be determined from the pressure gradient alone. It is for this reason 
that simultaneous estimation of flow and pressure gradient in pure mitral ste- 
nosis by combined heart catheterization is desirable, so that the total dynamics 
can be ascertained and the degree of stenosis determined.!” 

It is possible that, in those cases where the pressure gradient is small, exercise 
accompanied by an increase in mitral valve flow will demonstrate evidence of 
significant obstruction. 

With the opening of a normal mitral valve, rapid filling of the ventricle 
occurs and the left atrial pressure falls precipitously, producing a prominent 
v wave. In mitral stenosis, filling occurs gradually as suggested by the presence 
of a pressure gradient throughout diastole. Thus, the ‘“v’’ wave was not promi- 
nent. As a result of the gradual filling of the ventricle, there is an increase in 
the residual volume of the atrium at the beginning of atrial systole. This re- 
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sults in a more vigorous contraction of the atrium producing the giant ‘‘a’’ waves 
in patients with normal sinus rhythm. This eventually leads to hypertrophy, 
with change in the pressure-volume relationship of this chamber. 

Kent and associates! have stated that a difference between the peaks of the 
v and c waves (v-c difference) of more ‘than 5 mm. Hg is an indication that 
mitral regurgitation exists. It has also been said that the presence of an x wave 
militates against mitral regurgitation. In this present study, one case of pure 
mitral regurgitation presented a definite ‘‘x’’ wave in the left atrial pressure 
curve. There was no significant contrast between the v-c differences of patients 
with pure mitral regurgitation and those individuals with pure mitral stenosis, 


or combined stenosis and regurgitation. 


Fig. 10.—Mitral regurgitation. Lower left: Ventricular pressure tracing. Lower right: Left atrial 
pressure tracing. Note ‘“‘ventricularization”’ of left atrial tracing. 


In patients with atrial fibrillation, mitral regurgitation may produce a single 
large, fused c-v wave resembling the ventricular pressure curve—so-called 
“ventricularization”’ of the atrial pressure tracing” (Fig. 10). This large, fused 
C-v wave may extend into early ventricular diastole, producing a pressure gradi- 
ent during this phase of the cardiac cycle. However, in the absence of stenosis, 
the gradient rapidly falls off during mid- and late diastole (Fig. 8). This is quite 
different from patients with mitral stenosis, where the pressure gradients persist 
throughout diastole. 

In mitral regurgitation a characteristic type pressure tracing may be ob- 
served as the catheter traverses the mitral valve (Fig. 11). The regurgitant 
jet of blood tends to whip the catheter back into the atrium with each beat. 
This produces a tracing in which the ventricular pressure is recorded during the 
first part of ventricular systole, and the atrial pressure during the latter part 
of systole. During diastole and rapid ventricular filling the catheter tip returns 
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to the ventricle and the tracing is repeated. This would suggest that regurgi- 
tation occurs late in systole, as first pointed out by Wiggers.” As a result of 
this regurgitant jet, passage of the catheter into the left ventricle has been more 
difficult in these patients. 

In aortic valvular disease it is necessary to record pressures in the left ven- 
tricle and distal to the aortic valve. A continuous pressure recording made 
as the catheter is withdrawn from the aorta into the left ventricle will demon- 
strate the systolic pressure gradient which is characteristic of aortic stenosis. 
A central aortic pressure tracing is most desirable and can be obtained in most 
cases if repeated attempts are made. However, for clinical purposes, simul- 
taneous recording of the left ventricular and brachial arterial pressures may be 
used in calculating the pressure gradient. The brachial arterial systolic pressure 
is frequently 5 to 20 mm. Hg higher than the aortic systolic pressure in normal 
individuals.'* Consequently, a small negative systolic gradient exists between 
the left ventricle and brachial artery in an individual with a normal aortic valve. 


a 
3 t 


Fig. 11.—Mitral regurgitation. Pressure tracing recorded as catheter is whipped back from left 
ventricle to left atrium by regurgitant jet. Catheter tip lies in ventricle during first portion of systole 
and in atrium during last portion of ventricular systole. Note ‘‘ventricularization”’ of left atrial tracing 
in last few beats. 


Simultaneous brachial arterial and central aortic pressure tracings were obtained 
in twelve cases in this study. Six of these patients had pure mitral stenosis; 
six had aortic stenosis alone or in combination with other valvular lesions. The 
brachial arterial pressure was generally higher than the central aortic pressure in 
aortic stenosis, as well as in mitral stenosis. 

Severe aortic stenosis is generally accompanied by a large aortic systolic 
pressure gradient. Severe aortic stenosis, however, has been observed with 
a small pressure gradient. As in mitral stenosis, a complete evaluation of the 
significance of the pressure gradient requires a knowledge of the rate of blood 
flow across the valve. Hence a small pressure gradient cannot be considered 
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as evidence for an equivocal stenosis unless aortic valve flow is known. The 
aortic gradients were generally smaller in combined mitral and aortic valvular 
disease. Under such circumstances the mitral lesion may reduce the flow so 
that a smaller pressure gradient appears across the aortic valve. 

The left ventricular end-diastolic pressure was generally elevated in pure 
aortic stenosis. Two possible explanations may be offered: 

1. Left ventricular failure: This would certainly cause an elevation of 
the end-diastolic pressure by virtue of increasing the diastolic blood volume. 
The elevated end-diastolic pressure, however, did not correlate well with the 
clinical presence of failure. The majority of patients studied did not have any 
evidence of left ventricular failure at the time of the study. Those patients who 
were in failure on admission to the hospital were usually vigorously treated, 
and considered to be clinically out of failure when subjected for study. In this 
regard a study of the effect of rapid digitalization upon the left ventricular end- 
diastolic pressure is in progress. 

2. Alteration in the pressure-volume relationship of the left ventricle: 
Aortic stenosis results in concentric hypertrophy of the left ventricle. This 
in turn reduces the capacity of the chamber. The pressure-volume relation- 
ships are such that small increments in volume may result in large changes in 
pressure. As a result of this, there is an increased resistance to filling of the 
left ventricle. As on the right side, e.g., in pulmonic stenosis,'® there is a com- 
pensatory hypertrophy of the left atrium. This results in large ‘“‘a’’ waves in 
the left atrial pressure curve, which is characteristically observed in patients 
with aortic stenosis. It is interesting to note that the left ventricular end- 
diastolic pressure in patients with aortic stenosis associated with mitral stenosis 
is generally lower. Perhaps the obstruction at the mitral valve acts as a “‘pro- 
tecting’”’” mechanism upon the left ventricle, tending to reduce the flow to this 
chamber. Similarly, the pressure gradients across the aortic valve in these 
patients is generally lower than in those with pure aortic stenosis. 

In summary, left heart catheterization is helpful in demonstrating, directly, 
obstruction at the mitral and aortic valves. Characteristically, a pressure 
gradient is observed. To determine the degree of obstruction, a knowledge 
of the rate of flow is necessary. Combined heart catheterization provides a 
means for estimating both valvular flow and pressure gradient.!? Applying 
the hydraulic formula to this data, orifice size may be predicted. 

In mitral regurgitation left atrial pressure curves may be characteristic 
but are not diagnostic. Quantitation of regurgitant flow is not possible by left 
heart catheterization. 

Aortic regurgitation has been studied in only a few cases so as to make 
impossible any significant analyses of observations. 


SUMMARY 


1. Results of left heart catheterization in two normal individuals and 
125 patients with rheumatic heart disease are presented. 

2. The normal pressure curves are described. No pressure gradients 
exist across a normal mitral or aortic valve. 
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3. Characteristic findings of mitral stenosis are: (a) ventricular filling 


pressure gradient usually present throughout diastole, (b) giant “‘a’’ waves 
in the left atrial pressure tracing. 

4. Ventricularization of the left atrial pressure curve may occur in mitral 
regurgitation. A pressure gradient may be present, but unlike mitral stenosis, 
is found only early in diastole. A characteristic pressure tracing is obtained as 
the catheter is whipped back from ventricle to atrium within a single cardiac 
cycle. 

5. Aortic stenosis is characteristically accompanied by a systolic pressure 
gradient across the aortic valve. Giant ‘‘a’’ waves are observed in the left atrial 
pressure tracing. The end-diastolic pressure in the left ventricle is generally 
elevated. Possible causes for this are discussed. 
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RELATIONSHIP OF BODY WEIGHT TO ACUTE 
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ONSIDERABLE data have been accumulated indicating that obesity is 

a serious physical disorder often directly responsible for distressing symp- 
toms.! Analysis of data obtained from applicants for life insurance has shown 
that ‘‘overweight”’ is associated with increased mortality rates, particularly 
those of certain diseases. Mortality figures presented recently by the Metro- 
politan Life Insurance Company?’ that were obtained from a group of men rated 
substandard insurance risks because of ‘‘overweight’’ are as follows (standard 
mortality 100 per cent): over-all mortality rate, 150 per cent; coronary heart 
disease, 142 per cent; cerebral hemorrhage, 159 per cent; chronic nephritis, 191 
per cent; diabetes mellitus, 383 per cent;.cirrhosis of the liver, 249 per cent; 
biliary disease, 152 per cent; appendicitis, 249 per cent; auto accidents, 131 per 
cent. 

For many purposes, data derived from life insurance company records are 
extremely valuable. It seems indisputable that the over-all mortality is higher 
in “overweight” individuals than in those of ‘“‘normal” weight. However, the 
value of data pertaining to obesity and mortality in a specific disease is directly 
related to the accuracy with which the specific disease cdn be diagnosed. Since 
insurance companies undoubtedly base their statistics largely on clinical diag- 
noses from diverse sources, it is important to evaluate the accuracy of clinical 
diagnoses in the specific disease under consideration. The accuracy of clinical 
diagnoses approaches 100 per cent in diseases such as diabetes mellitus, but it 
is less in certain other diseases. Coronary heart disease with classical mani- 
festations is readily diagnosed clinically, but certain other conditions that are 
more obscure clinically may be diagnosed incorrectly because they can suggest 
coronary heart disease. i 

Thus data derived from clinical diagnoses of coronary heart disease must 
be viewed somewhat critically. Confirmation should be sought from other 
sources before definitive conclusions are drawn regarding the relationship 
between coronary heart disease and overweight. Other studies based on clinical 
observations have yielded controversial results. Most investigators have con- 
cluded that obesity is an important factor,*-* although others have concluded 
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that it is not significant,’ at least in certain age groups. Extensive studies 
based on autopsies (with recorded body weights) have been limited largely to 
patients under 40 years of age!’ and the conclusion has been reached that 
obesity is not an important factor in the development of coronary disease in 
young persons. One study™ was based on a large number of autopsied patients 
from all age groups with myocardial infarction. These investigators classified 
228 patients on the basis of appearance (since weights were not available) as 
(1) obese, or (2) normal, or (3) thin. They concluded that “weight had no 
specific effect in predisposing to or protecting from thrombosis”’ in this group. 
However, as yet no reported study has compared and evaluated the relationship 
of body weights to coronary heart disease based on actual weights of large numbers 
of autopsied patients of all age groups with and without coronary heart disease. 

Even in autopsied patients, coronary heart disease is not readily definable. 
Many patients have some degree of coronary arteriosclerosis without evidence 
of cardiac dysfunction. Therefore it is often difficult to be certain whether or 
not a particular autopsied patient should be classified as actually having coronary 
heart disease. Because of this difficulty in classification, a more objective ap- 
proach would be to evaluate the relationship of overweight to a readily definable 
form of coronary heart disease, such as acute myocardial infarction. 

From 1910 through 1954, 8,183 autopsies were performed in the Depart- 
ment of Pathology of Washington University on adults from Barnes Hospital. 
Among these patients, 500 had an anatomic diagnosis of acute myocardial in- 
farction. Throughout the period, most of the bodies were weighed and measured 
immediately preceding post-mortem sectioning. 

The availability of body weights from such a large number of autopsied 
patients in all adult age groups with and without acute myocardial infarction 
provides an unusual opportunity to evaluate the relationship of body weight 
to acute myocardial infarction. It is the purpose of this report to present the 
results of a comparative study of the body weights of the patients who had 
acute myocardial infarction with the body weights of patients in several com- 
parative groups. In addition, data will be presented pertaining to the relation- 
ship between body weight and certain clinical features (such as history of hyper- 
tension), anatomic features (such as weights of the hearts and kidneys) and to 
the age of the patient. 

The diagnosis of obesity in an individual patient cannot be based entirely 
on body weight, as is emphasized in a recent editorial in Diabetes."* However, 
in evaluating the effect of obesity in a large group of patients, it seems justifiable 
to accept body weight as a reasonably accurate objective guide for classification. 


MATERIAL AND METHODS 


Data were obtained from the autopsy and clinical records of Barnes Hospital 
and the Department of Pathology of Washington University. A survey was 
made of all autopsy protocols in the files for the period 1910 through 1954. 
Among these patients were 500 with acute myocardial infarction, including 
450 with recorded body weights and heights (hereinafter referred to as the 
“myocardial infarction group’’). 
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Data obtained include the age, sex, height, weight of body and weight of 
various organs, and history of hypertension, diabetes mellitus, and congestive 
failure. The autopsies had been performed and the protocols written by the 
house staff of the Department of Pathology. Techniques of weighing and meas- 
uring no doubt varied and constitute a source for error. However, this type 
of error probably would be balanced in a large series. 

The most recent standard tables of the Metropolitan Life Insurance Com- 
pany,'*-5 prepared in 1942 and 1943, were used to establish the expected“ ideal”’ 
weight for height. Patients were classified according to their deviation from 
this ‘‘ideal.”” These same tables have been used in almost all recent studies 
of body weight in this country.'® They are based on the actual weights of large 
numbers of healthy individuals 25 to 30 years of age. Many authorities'® con- 
sider the average weight of individuals 25 to 30 years old the ideal weight to 
maintain throughout maturity. 

The “‘ideal”’ weight for height in the Metropolitan Life Insurance Company’s 
tables is given not as a single figure but as a range (hereinafter referred to as 
the ‘ideal weight range’). The range varies with the type of body frame. 
Since the types of frame are not known for the patients in this study, the values 
for the ‘‘medium”’ frame have been used as a basis for classification. Although 
it is important to know the type of body frame in evaluating the weight of a 
single individual, using only the ‘‘medium’’ frame seems reasonable in evalu- 
ating a large group. 

To aid in evaluating the data obtained from the patients with acute myo- 
cardial infarction, similar data were obtained for comparison from two additional 
groups of autopsied patients: 

1. Patients of similar age with diseases usually associated with little or 
no change in weight were sought. Although a completely satisfactory group 
is not available in an autopsy series, the postoperative neurosurgical patients 
in our autopsy series seem to be reasonably satisfactory. The time between 
the onset of serious symptoms and death in most of these patients is short, 
weight loss is seldom a prominent feature, and it seems unlikely that any of the 
diseases for which the neurosurgical procedures were performed are associated 
with a gain in weight. Hence, neurosurgical patients more than 39 years of 
age who died within one month after a craniotomy for primary brain disease 
(mostly brain tumor) were chosen. Patients with a primary diagnosis of cerebral 
arteriosclerosis or pituitary adenoma were not included, but otherwise this group 
represents a consecutive series of all such patients operated on at Barnes Hospital 
from 1942 through 1954. This group will be referred to hereinafter as the 
‘neurosurgical group.” 

2. To establish the average weight in a portion of the Barnes Hospital 
autopsy population without regard to diagnosis, another group was obtained 
consisting of 450 consecutively autopsied patients more than 39 years of age 
(during the period 1950 through 1952). The patients in this group were chosen 
only on the basis of age. They will be referred to as the ‘‘unselected group.”’ 

Comparisons were also made of the data obtained from the myocardial 
infarction group with Metropolitan Life’s older charts'’ of the average weight 
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for height and age of many healthy individuals whose ages correspond to those 
in our myocardial infarction group. The weights of older individuals in these 
charts differ considerably from those in the current standard tables of “‘ideal’’ 
weights prepared by Metropolitan Life Insurance Company, which are based 
on the weights of young adults. 

Further comparisons were made with the weights of a sample of 74,000 
working men and women (aged 30 to 60) prepared recently by Master and his 
associates.'*!9 


RESULTS 


The data are presented in detail in Tables I, II, and III, and in Fig. 1. 

Men who weighed at least 10 per cent more than the maximum weight for 
height of the “‘ideal’’ weight range were 34 per cent in the myocardial infarction 
group, 32 per cent in the neurosurgical group, and 24 per cent in the unselected 


"Myocardial "Neurosurgical "Unselec ted 
Infarction Group" Group" 
Group" 


Fig. 1.—Percentage of patients in each group whose weights exceed the maximum of the ‘‘ideal’’ weight 
range by 10 per cent or more. 


group. Women who weighed at least 10 per cent more than the maximum 
weight for height of the “‘ideal’’ weight range were 46 per cent in the myocardial 
infarction group, 54 per cent in the neurosurgical group, and 37 per cent in the 
unselected group. 

Data characterizing the various divisions of the myocardial infarction group 
(divided on the basis of deviation from the “‘ideal’’ weight range) are given in 
Tables I and II. In general, the weights of organs were somewhat greater in 
patients whose weights exceeded the “‘ideal’’ weight range than in those whose 
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weights were below it. Diabetes mellitus was somewhat more common among 
men and women whose weights exceeded the “‘ideal’’ weight range than among 
those whose weights did not exceed it; this difference is statistically significant 
0.02 for men and women combined). Ages and incidence of ‘“‘history 
of hypertension”’ and “‘history of congestive failure’’ showed no constant relation- 
ship to body weight. 
Fifty per cent of the 450 patients were considered to have been in congestive 
failure prior to the onset of the terminal illness. The average body weights 
of men and women with congestive failure were, respectively, 69.8 kilograms 


TABLE I. COMPARATIVE DATA PERTAINING TO DEVIATION FROM “IDEAL” WEIGHT RANGE 


WOMEN 


| } ] 
GROUP DEV.* | | AVERAGE] AVERAGE) AVERAGE | AVERAGE] AVERAGE] AVERAGE 
NO. OF| % OF | WEIGHT | HEIGHT | AGE |NO. OF| %OF | WEIGHT | HEIGHT| AGE 
CASES| MEN | | (cM.) | (¥R.) “CASES WOMEN | (KG.) | | (¥R.) 


| 


—20% and less 21 7 48 174 | 65 6 4 


F-148 


—10% to—19% | 27 | 60 
| | 61 


+10% to +19% 


= 
3s 
> 
= 


M-302 


+20% and over 47 15.5 


Totals 302 | 100 


—20% and less 3 5 
—10% to —19% 
| +10% to +19% 


F-45 


“Neurosurgical” 


M-60 


| +20% and over | 


Totals 


20% and less | 35 | 13 


—10% to—19% | 45 | 16 


| | 
| 

| 


F-173 


| $9% | 131 | 47 


410% to +19% | 34 | 12 


+20% and over | 32 | 12 | 84 165 
| 69 | 169 3 | 157 | 60 


78 168 


| 


“Unselected Autopsy” 


M-277 


Totals | 277 | 100 


*Figures in this column represent percentage of deviation from the maximum and minimum weight 
for height (for medium frame) presented in the standard table of ‘‘ideal’’ weight prepared by the Metro- 
politan Life Insurance Co. in 1942 and 1943. 


MEN 
7 39 | 161 | 54 
I 6 4 48 163 | 58 
67 | 46 | 57 | 159 | 66 
mus | 56 | (18.5! 77 169 58 7} 18 | 67 | 160 | 63 
| 10 | 63 | 158 | 64 
49 | 177 357 3} 6 | 35 | 161 | 56 
| 17 | 49 of | | 
73 17° | 51 i3| 40 | | 166 | 54 
| | 80 173° | 50 $); 8 | 71 | 164 | 49 
| 2 | | 16] 36 | 7 | 161 | 82 
0/100 | | 14 | 52 | 45 | 100 | | 103 | 
| ia 46 171 65 18 10 40 160 | 53 
re 55 170 | 62 10 | 4 | 157 | @ 
| 73 170 60 75 | 43 56 158 | 63 
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TABLE IJ. RELATION OF VARIOUS CLINICAL AND ANATOMIC FEATURES TO BODY WEIGHT IN THE “MYOCARDIAL 
INFARCTION” GROUP 


AVERAGE | AVERAGE | AVERAGE 

WEIGHT KIDNEY LUNG 
DEV.* WT. WT. 
(GM.) (GM.) 


-20% and less 318 | 1334 
—10% to —19% 508 340 
+ 9% 546 360 
+10% to + 19% 382 
+20% and over 


20% and less 


10% to —19% 39: 5 » 53. 17% + 30% 
Women | | 
(148 cases) F 9% 5 : ; %o |} y 31% | 


+10% to +19% 


+20% and over 


| 


H.B.P. = High blood pressure. 

*Figures in this column correspond to those in Table I. 

**The percentage given is that of the patients with the condition indicated among the group with 
the weight indicated. 


and 62.7 kilograms. Corresponding weights for the remaining 50 per cent were 
69.5 kilograms for men and 62.1 kilograms for women. 

The average weights obtained from all groups (myocardial infarction, 
neurosurgical, and unselected) were compared with the weights in charts derived 
from actual weights of individuals of similar age and height (in contrast 
with ‘“‘ideal’’ weights which are the basis for the standard tables in current 
use). The average weights in the three groups of autopsied patients were 
less than the average weights for the corresponding height and age in these 
charts with only one exception (that of the women in the neurosurgical group 
was slightly more). 

Table III shows the distribution of the weights of patients in the myocardial 
infarction group (aged 30 to 60 years) in relation to Metropolitan Life’s older 
charts (based on the average weights of individuals of similar age, rather than 
on the ‘ideal weights” that were used in Table I). Also included in Table III 
for comparison is the distribution of the weights of a sample of 74,000 working 
men and women of similar age (30 to 60 years), obtained from a study by Master 
and associates.'*:' The comparison is limited to this age group because the 
sample of working men and women did not. include individuals more than 60. 
This chart includes a third group consisting of patients who died from acute 
myocardial infarction without a history of previous coronary heart disease. 
It is apparent that the distribution is similar in these three groups (myocardial 


HIST. OF HIST. OF HIST. OF 
H.B.P.** CONGESTIVE DIABETES** 
FAILURE** 
57% 10% 29% 
56% + 57.2% | 33% } 37.7% | 37% > 19% 
Men 
(302 cases) 58% 42% 15% 
48% 40% 16% 
> 57.2% > 27.1% » 29.1% 
68% | 13% } 45% } 
Po 462 208 982 (100% 67% 33% 
Po 497 293 1042 74% 59% 41% ) 
70% 63.7% 38% 
Po 498 304 972 67% 67% | 36% | 
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infarction, the sample of working men and women, and myocardial infarction 
excluding those with a history of previous coronary heart disease). 


TABLE III. COMPARISON OF DISTRIBUTION OF WEIGHTS (ACCORDING TO OLDER CHARTS*) BETWEEN THE “MYOCARDIAL 
INFARCTION GROUP,” “MYOCARDIAL INFARCTION GROUP WITHOUT PREVIOUS ANGINA OR INFARCTS,” AND MASTER 
AND JAFFE’S'® SAMPLE OF 74,000 WORKING MEN AND WOMEN BETWEEN THE AGES OF 30 AND 60 


MEN, PER CENT OF TOTAL WOMEN, PER CENT OF TOTAL 


WEIGHT 
GROUP MYO. INF. WITH- MASTER’S MYO. INF. WITH- MASTER’S 
MYO. INF. OUT ANGINA SAMPLE OF MYO. INF. | OUT ANGINA SAMPLE OF 

132 69 74,000 51 29 74,000 


Underweight 24.3% 33.3% 30.3% 31.1% 27.5% 29.4% 


Average 
weight 53.0 , 48.6 37.4 


Overweight 
10-24% (17.4 | 11. 14.8 
22.7% ¢ . 20.1% ¢ 
5.3 7.3 { 


Overweight 
25% or 
more 


*The older charts of the Metropolitan Life Insurance Company are based on the actual weights 
of individuals of various ages and not on “‘ideal’’ weights. 


DISCUSSION 


To completely evaluate the effect of obesity on a specific pathologic con- 
dition, one needs data regarding the body weights throughout life of a large 
number of individuals with the pathologic condition (preferably with the diag- 
nosis made or confirmed by post-mortem examination). One also needs similar 
data from a large group representing a cross section of the population of similar 
age. The conflicting opinions of various investigators*-” regarding the effect 
of obesity on coronary arteriosclerosis attest to the difficulty of obtaining such 
complete data. 

The most satisfactory data based on autopsies that have been presented 
thus far were derived from young soldiers who died from the effects of coronary 
arteriosclerosis.'' Yater and his associates, who analyzed these data, concluded 
that obesity is not a significant factor in the development of coronary arterial 
disease in young persons. Garn and his associates® reached a similar conclusion 
as a result of a clinical study of ninety-seven civilians under 40 years of age who 
had a diagnosis of myocardial infarction. 

Similar data (based on actual weights of a large number of autopsied patients) 
have not been presented regarding the relationship between obesity and acute 
myocardial infarction in the older age groups in which the disease is most common. 

The data presented here were obtained from a large number of autopsied 
patients (young and old) with acute myocardial infarction. However, the data 
pertaining to weight were derived from a single determination made after the 
disease had run its course and hence must be evaluated with caution. Coronary 


17.8 (17.2 15.1 
31.5% ¢ 31.1% 4 26.6% ¢ 
| 13.7 | 13.9 (11.5 
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heart disease is a relatively nonwasting disease, but reducing diets are frequently 
prescribed as a part of the treatment. Master'*!® reported that the vast ma- 
jority of his patients with coronary occlusion lost considerable weight on re- 
ducing diets. However, there is no evidence to indicate that a significant number 
of the patients in the myocardial infarction group of Barnes Hospital had lost 
weight. Part of the medical history obtained from the patients in Barnes 
Hospital consists of data regarding changes in body weight, although these 
data are no doubt incomplete for many of them. When all recorded changes 
in weight were added to the terminal weight, the average values for the groups 
were not significantly changed. 

Further support for the idea that weight loss was not a prominent feature 
in the Barnes Hospital patients with myocardial infarction is obtained by com- 
paring the weights of individuals in the myocardial infarction group who died 
from acute myocardial infarction without giving a history of previous heart 
disease (such as anginal attacks) with the weights of the remaining patients 
with myocardial infarction. No differences were apparent between these two 
groups. 

In recent years considerable emphasis has been placed on informing the 
public of the dangers of obesity. Hence we thought it possible that there might 
be a difference in the weights of individuals in the myocardial infarction group 
in recent years as compared with those in the earlier years of the autopsy series. 
However, analysis of our.data showed that no such differences existed. 

If the prognosis or the age of the patient at the onset of acute myocardial 
infarction is related to body weight, patients with acute myocardial infarction 
whose weights exceed the ‘‘ideal’’ weight range should die at an earlier age than 
those whose weights do not exceed that range. Likewise, the average age of 
autopsied patients with acute myocardial infarction whose weights exceed the 
“ideal’’ weight range should be less than that of those whose weights do not 
exceed that range. However, the patients with acute myocardial infarction 
in our autopsy series whose weights exceeded the “‘ideal’”’ weight range were not 
significantly younger than those whose weights did not exceed the ‘‘ideal’’ range. 
The suggestion is that the time of onset and prognosis of acute myocardial in- 
farction in this series was not related to body weight. 

If the incidence of acute myocardial infarction is related to body weight, 
a group with acute myocardial infarction should include more obese individuals 
(or individuals who have been obese) than one of similar age and sex with diseases 
unrelated to body weight. The body weight of many patients in both the myo- 
cardial infarction group and the neurosurgical group exceeded the ‘“‘ideal’’ weight 
range. However, the proportion of patients (men and women) whose weights 
exceeded the ‘“‘ideal’”’ weight range was not significantly different in the two 
groups (myocardial infarction and neurosurgical). The percentage of women 
patients in both groups whose weights exceeded the ‘‘ideal’”’ weight range (46 
per cent in the myocardial infarction group and 54 per cent in the neurosurgical 
group) was greater than the corresponding percentage of men. The similarity 
of the percentage of overweight individuals in these two groups would seem to 
indicate that the body weight is no more related to acute myocardial infarction 
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than to the diseases for which the neurosurgical procedures were performed 
(mostly brain tumors). There is no reason to believe that the diseases for which 
the neurosurgical procedures were performed are related to body weight. 

Many individuals had weights exceeding the “‘ideal’’ weight range by more 
than 10 per cent. They appeared even in the unselected group (24 per cent 
of the men and 37 per cent of the women) which included many patients with 
well-known wasting diseases such as carcinoma of the stomach. The indication, 
then, is that overweight, judged by the usual standards, was common in our 
entire autopsy population of more than 40 years of age. 

Data indicating that “overweight” (in terms of ‘‘ideal’’ weight) is common 
in the general population in this country have been presented by other investi- 
gators,'® who have weighed large numbers of apparently healthy, living indi- 
viduals. Weights of individuals ranging in age from 10 years to 59 years, 
obtained from Atlanta, Ga., Richmond, Va., and other areas, exceeded the 
‘ideal’ weight range by more than 10 per cent in 20 per cent to 30 per cent 
of these individuals. The apparent discrepancy between the incidence of 
overweight in these groups and in our autopsy series can be explained by the 
difference in the age groups that were included. The portion of the autopsy 
series from Barnes Hospital used in this study consisted almost entirely of indi- 
viduals more than 40 years of age. The groups from Atlanta, Richmond, and 
other areas contained many younger individuals. 

Charts prepared by the Metropolitan Life Insurance Company many 
years ago!’ from surveys of a large cross section of the general population indicate 
that the average weight of individuals increases progressively with age. Since 
the ‘‘ideal’”’ weight is based on the weights of individuals 25 to 30 years of age, 
it is not surprising that such a high percentage of our autopsied patients more 
than 40 years of age weigh more than the “‘ideal.’’ A comparison of the average 
weight of our three autopsy groups (myocardial infarction, neurosurgical, and 
unselected groups) with the average weights of a cross section of the population 
of individuals of similar age (from the old charts of the Metropolitan Life In- 
surance Company’) indicates that the average weights of the individuals in 
most of our autopsy group are actually lower than those of individuals of similar 
age in the general population. The distribution of weights deviating from the 
average weight are not presented in the older charts. Thus one must use another 
approach to compare the distribution of weights. 

Master and his associates'*!* have recently classified the weights of a sample 
of 74,000 working men and women (30 to 60 years of age) according to deviation 
from the weights in the older charts of the Metropolitan Life Insurance Company. 
Twenty and one-tenth per cent of the working men and 26.6 per cent of the 
working women were 10 per cent or more overweight. The percentages (22.7 
per cent for men and 31.5 per cent for women) of the patients in the myocardial 
infarction group of Barnes Hospital who were 10 per cent or more overweight 
(according to older charts) are similar to those in the sample of working men 
and women. Neither of the differences is statistically significant (p = only 0.3 
even for women). 
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All of these data suggest that overweight is exceedingly common among 
older individuals in the general population as well as among patients with acute 
myocardial infarction. It seems likely that overweight was no more common 
among the patients with acute myocardial infarction in the autopsy series of 
Barnes Hospital than would be expected by chance. 

There is no clear explanation for the apparent discrepancies between the 
results of the study of the Barnes Hospital autopsied patients and those of the 
Metropolitan Life Insurance Company. It must be emphasized that our figures 
deal exclusively with patients who died with acute myocardial infarction. The 
available data from the Metropolitan Life Insurance Company include all deaths 
attributed to ‘‘disease of coronary arteries and angina pectoris.’’ Conclusions 
drawn from a study limited to acute myocardial infarction are not necessarily 
applicable to all types of coronary heart disease. 

The observations pertaining to diabetes mellitus are consistent with the 
general results of the Metropolitan Life Insurance Company, since diabetes 
mellitus was significantly more common among overweight than among non- 
overweight individuals in our myocardial infarction group. However, the 
number of diabetics in the entire myocardial infarction group is apparently 
insufficient to alter the over-all results. 

It is interesting to note that when the methods used in this study are applied 
to the problem of the relationship between diabetes mellitus and acute myo- 
cardial infarction (without regard to weight), it becomes apparent immediately 
that the association between these two diseases is far greater than would be 
expected by chance. There were 379 patients with diabetes mellitus among 
the 8,183 adults in the autopsy series from Barnes Hospital. Twenty-five per 
cent of those 379 also had acute myocardial infarction. Only 5 per cent of the 
remaining 7,766 patients (without diabetes mellitus) had acute myocardial 
infarction. 


SUMMARY 


Data pertaining to the relationship between body weight and acute myo- 
cardial infarction, based on a study of 450 patients with acute myocardial in- 
farction, have been presented and discussed. Weights of patients who had 
myocardial infarction and on whom autopsies were performed were compared 
with the “‘ideal’’ weight range in the most recent standard tables of the Metro- 
politan Life Insurance Company. The average age of such patients whose 
weights exceeded the “‘ideal’’ range is similar to that of those who did not exceed 
the ‘‘ideal.’’ The suggestion is that weight does not materially affect the prog- 
nosis or the time of onset of acute myocardial infarction. 

Weights of persons who had died of acute myocardial infarction were com- 
pared with those of persons of similar age who had died of diseases that seem 
unlikely to be related to body weight (neurosurgical patients). The indication 
is that overweight (as determined by comparison with standard tables for ‘‘ideal”’ 
weight) is exceedingly common in both groups, but it is no more common in one 
than in the other. 
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Weights of both groups (myocardial infarction and neurosurgical) were 
compared with the average weights of a cross section of the general population 
of similar age (the latter obtained from old charts prepared by the Metropolitan 
Life Insurance Company). The average weights of these two autopsy groups 
were similar to the average weights of the general population of similar age. 

A comparison of the distribution of the weights in the myocardial infarction 
group with the distribution of the weights of a sample of 74,000 working men 
and women (prepared by Master) also fails to show a significant difference. 

Previous investigators have studied a large number of individuals under 
40 years of age in the Armed Forces who had died of coronary arteriosclerosis. 
They have concluded that obesity was not an important factor in the develop- 
ment of coronary arteriosclerosis in this young group. A reasonable conclusion 
from our data dealing with older individuals is that overweight was not an 
important factor in the development of acute myocardial infarction in these 
older individuals. However, confirmation from other sources is necessary 
before definitive conclusions can be drawn. 


We are indebted to Dr. W. Barry Wood for suggesting this study. 
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OBSERVATION ON THE DIRECT EFFECT OF DIGOXIN ON RENAL 
EXCRETION OF,SODIUM AND WATER 


ALBERT L. HyMAN, M.D., WILLIAM E. JAQques, M.D., AND 
EpWArpD S. HyMAn, M.D. 


NEW ORLEANS, LA. 


HE mechanism of the diuretic action of digitalis has been controversial 
since the report by Withering! of the observations on foxglove by the 
witch of Shropshire in 1785. Several mechanisms have been postulated in the 
ensuing years. The more important hypotheses have been: 
1. A direct effect on the heart increasing the cardiac output; 
2. A direct effect on peripheral blood vessels; 
3. <A direct effect on the renal parenchyma. 

Phillips and Bradford? suggested a direct renal action of digitalis in 1876. 
Since their studies, numerous observations relating to a direct renal effect have 
been advanced. The observations of Eichna and associates’ led to the suggestion 
of a direct renal action of digitalis. Their studies showed a correlation of the 
diuretic effect with both a fall in venous pressure and the widening of arterial 
pulse pressures. They were unable to correlate the marked and prompt electro- 
lyte and water diuresis observed after digitalization of patients in congestive heart 
failure, with changes in cardiac output. 

Farber and associates‘ studied sodium and water diuresis in patients with con- 
gestive heart failure and nonedematous, noncardiac patients. They found a 
natruretic and diuretic effect with Digoxin apart from any consistent change in 
cardiac or renal hemodynamics. They suggested a possible direct effect upon the 
kidneys which could be mediated through the adrenal corticoids. 

Bartram® studied the action of digitalis directly on the kidneys but was 
unable to demonstrate any diuretic effect. However, he used Digalen containing 
chiefly the tannates of digitoxin and digitalin. It is felt the tannate might have 
altered the effects of the digitalis. 

We observed in dogs in congestive heart failure produced by experimental 
mitral stenosis that Digoxin produced a consistent fall in cardiac output.® Fre- 
quently, an increase in sodium excretion was observed concurrently. This 
suggested the possibility of an effect of digitalis on the kidney apart from any 
hemodynamic action. The following study was designed to test the validity of 
this hypothesis. 


From the Departments of Pathology and Medicine, Louisiana State University School of Medicine, 
New Orleans 12, La. 
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DIGOXIN EFFECT ON SODIUM AND WATER RENAL EXCRETION 


METHODS 


Seventeen mongrel dogs were employed in the study. They were caged 
separately and fed a routine diet. No medications were administered before 
the procedure. Under intravenous Nembutal anesthesia, using a dosage of 30 
mg. per kilogram, and 8 cm. suprapubic midline incision was made. The urinary 
bladder was displaced anteriorly and the ureters were identified just proxi- 
mal to their insertion into the bladder. A No. 50 polyethylene catheter was 
threaded through a No. 17 gauge needle. The needle was inserted into the distal 
ureters and passed cephalad to the ureteropelvic junction. The needle was re- 
moved and the catheters were tied in place. The wound was sutured in layers. 
An intravenous infusion of 5 per cent glucose and water was instituted at the 
rate of 15 drops per minute. Approximately 200 to 300 ml. of fluid was adminis- 
tered throughout the entire procedure. 

Ten-minute samples of urine from both ureters were collected in sodium-free 
centrifuge tubes for control periods varying from one to two hours. . During the 
last control period, a left subcostal incision was made and the left kidney exposed. 
The left renal artery was identified and varying doses of Digoxin,* placebo,* 
or mercurial diuretics were injected into the renal artery. The placebo con- 
sisted of the vehicle in which Digoxin is dissolved. The wound was closed in 
layers. The collection of ten-minute urine samples was continued for periods 
varying from one and one-half to two and one-half hours. The animals remained 
on their right sides throughout the entire procedure. 

Samples of urine were studied for volume, sodium concentration, total 
sodium content, total potassium content, and total creatinine. In some of the 
experiments, small amounts of blood were found in urine samples. Potassium 
studies were not done on the experiments displaying this phenomenon. Small 
amounts of albumin were found in both the injected and uninjected sides. The 
electrolyte studies were done with an Internal Standard Flame Photometer at 
the Kidney Station at Charity Hospital. 

The animals were divided into four groups. Five animals received doses 
of placebo varying from 0.5 to 1.0 ml. Nine animals received doses of Digoxin 
varying from 0.062 mg. to 0.25 mg. One animal received 0.3 ml. of mercuhydrin 
and one animal received 0.25 ml. of Salyrgam and theophylline. The animals 
comprising these first groups were apparently healthy. One dog in congestive 
heart failure from experimental mitral stenosis received 0.062 mg. of Digoxin. 


RESULTS 


In the group of animals receiving the placebo injection, there was no appre- 
ciable increase in total sodium content of the urine excreted from the injected 
kidney over that of the control kidney (Fig.1,A toD). Inone of the five experi- 
ments, the injected kidney produced a diuresis of 1 ml. more than that of the 
control kidney in most samples. There was no consistent variation in the sodium 
or potassium excretions. 

In the normal animals receiving Digoxin injections, there was a sharp pro- 
nounced natruresis and diuresis from the injected kidney (Fig. 2, A to D). In 


. *The Digoxin and placebo were kindly furnished by the Burroughs Welcome & Company, Tuck- 
ahoe, N. Y. 
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two, the natruresis was much more pronounced than the diuresis. In all instances 
the urinary sodium content exceeded that of the control side. In all instances, 
there was an increase in urinary volume over the control side. In some experi- 
ments, there was a slight increase in potassium excretion on the injected side. 
However, this was not consistent. 


MINUTES 


MINUTES 


Fig. 1.—Placebo injection, 0.5 c.c. of vehicle without Digoxin, into left renal artery. Broken line 
represents urine from left ureter. Continuous line represents urine from right ureter. Arrow marks 
time of injection. A, total sodium content; B, urine volume; C, sodium concentration; D, total potas- ) 
: sium content; E, total creatinine content; F, sodium creatinine. 


Following theophylline-Salyrgan or mercuhydrin injection, there was a 
sharp increase in sodium, potassium, and water excretion from the injected side 
(Fig. 3, A to D). In the next ten-minute interval, the control kidney did like- 
wise. 
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Fig. 1.—D to F. (For legend see opposite page.) 
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There was no diminution of total endogenous creatinine excretion after any 
of the intrarenal artery injections (Figs. 1,Z, 3,E, and 4,£). The graph of total 
creatinine by ten-minute intervals showed an irregular excretion with no trend. 
The ratio of total sodium content to total creatinine content showed a striking 
increase from those kidneys receiving Digoxin and no appreciable change from 
those receiving the placebo (Figs. 1,F, 3,F,and4,F). With mercurials, both sides 
showed a marked increase in this ratio. 


100 110 120 130 140 150 160 170 180 190 


MINUTES 


Fig. 2.—Digoxin injection, 0.125 mg., into left renal artery of Dog No. 4. Broken line represents 
urine from left ureter. Continuous line represents urine from right ureter. Arrow marks time of injec- 
tion. A, total sodium content; B, urine volume; C, sodium concentration; D, total potassium content. 


In the experiment on the one dog in congestive heart failure, the injection 
of 0.062 mg. of Digoxin into one renal artery produced as marked a natruresis 
and diuresis as had been seen in the normal animals employing two to four 
times this dose (Fig. 4, A to D). The control side produced no natruresis or 
diuresis. 
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These alterations were usually observed tooccur twenty to forty minutes 
after injection and continued throughout the period of observation. With doses 
of 0.125 mg. to 0.25 mg. of Digoxin, this change was most pronounced. It was 
easily discernible, but less pronounced in one of the two experiments employing 
0.062 mg. of Digoxin. 
DISCUSSION 


A direct renal effect of Digoxin was demonstrated. There was a distinct 
natruresis and diuresis. That the two phenomena may be independent of each 
other was suggested by the lack of correlation of natruresis and diuresis. 


1900 110 120 130 140 150 160 170 180 190 


MINUTES 


100 110 120 130 140 150 160 170 180 t99 
MINUTES 


Fig. 2.—C and D.. (For legend see opposite page.) 


In the experiment on the animal in congestive heart failure, the pronounced 
effects observed with a small dose suggest that the heart failure kidney may be 
more sensitive to this Digoxin effect than the normal kidney. 

We feel that these experiments were adequately controlled. The control- 
kidney will reflect alterations of the body fluids and electrolytes, as well as the 
possibility of digitalis exerting its effects elsewhere in the body. The placebo 
injection served as a control to indicate any change that may be produced by 
surgery, injection of the renal artery, and of substances in the Burroughs Wel- 
come preparation other than the Digoxin. 

The fall in sodium and urine excretion in the initial preinjection period may 
be related to either the loading with dextrose in water, trauma of surgery, or 
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more likely an artifact produced by muscular contraction of the renal pelvis and 
ureter as a result of instrumentation. In one experiment, although the infusion 
was delayed during the preinjection period, this fall was still observed. 
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Fig. 3.—Salyrgan-theophylline, 0.25 c.c., into left renal artery of Dog No. 11. Broken line repre- 
sents urine from left ureter. Continuous line represents urine from right ureter. Arrow marks time of 
injection. A, total sodium content; B, urine volume; C, sodium concentration; D, total potassium 
content; E, total creatinine content; F, sodium concentration. 
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Since the endogenous creatinine excretion showed no appreciable change or 
trend, it is unlikely that nonspecific damage to renal function occurred as a 
result of any of the injections. 
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Fig. 3.—D to F. (For legend see opposite page.) 


A variation in the volume of the renal pelvis or ureter could cause a serious 
error in collecting a ten-minute urine sample from the ureter. Should the pelvis 
contract, the collected urine would represent more than ten minutes of the actual 
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Fig. 4.—Digoxin, 0.062 mg., into left renal artery. Broken line represents urine from left ureter. 
Continuous line represents urine from right ureter. Arrow marks timeof injection. A, total sodium 
content; B, urine volume; C, sodium concentration; D, total potassium content; E, total creatinine 
content; F, sodium creatinine. 
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Fig. 4.—D to F. (For legend see opposite page.) 
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ABLE I 
y oy | 100 | 10 | 120 | 130 | 140° | 150’ | 160 | 170’ | 180’ | 190° | 200° | 210’ 
26 0.26 | 0.26 | 0.55 | 0.98 | 0.81 | 1.16 | 1.18 | 0.97 | | | 
4 0.04 | 00 | — | — | | | 
0 g2.0 | 82.0 | 78.0 | 40.0 | 35.0 | 34.0 | 35.0 | 24.0 | | | 
0 70.0 neji —- | | — | | 
3 0.3 03 |o7 | 22 | 23 | 33 | 33 | 30 | | | 
6 0.6 0.6 — | — | 03 | a ee | 
03 03 | 0.06 | | 0.06} 0.13 | 0.18 | 0.17 | 0.28 | | 
02 01 | 0.03 | | — — — | — | 
y 0 | 28.0 | 15.0 | 23.0 | 38.0 | 38.0 
| 0 {100.0 | | 5.0 — | | 
1 | 2.0 | 6.2 | 4.5 172 
3 0.1 | 0.5 | 
O14 003 | 0.036 008 | 0.020 | 0.019 | 0.043 | 
006 002 | 0.001 | | mi Pom | | | 
06 0.42 | 0.56 | 0.51 | 0.78 | 0.98 | 0.88 | 0.02 | 
4 § 0.33 | 0.16 | 0.09 | 0.06 | 0.04 | 0.03 | 0.02 
) 144.0 | 130.0 [118.0 {112.0 | 93.0 | 70.0 {100.0 | 
) 164.0 | 110.0 {118.0 | 66.0 | 28.0 | 24.0 | 30.0 | 
2 3.4 | 4.5 7.0 | 8.0 | 10.2 | 12.1 | 10.7 
5 30 | 1.3 09 | 09 | 1.7 16 | O9 | | 
| | | 
05 0.05 56 71 | 0.80 | 0.91 | 1.00 | 0 0.91 | 1.23 ll | 
13 0.13 12 | 0.12 | 0.18 | 0.14 | 0 0.14 | 0.12 ll 
) $6.0 | {115.0 {113.0 {113.0 | 1106 94.0 | 86.0 0 
116.0 0 125.0 122.0 |129.0 | 108 105.0 |105.0 0 
7 0.7 0 | 7.0 | 80 | 96 | S| 9.8 | 14.0 A 
3 1.3 9 | 08 1.2 1.1 | 1 | 1.4 1.2 9 
125 0.125 120 | 0-140 | 0.150 | 0.150 | 0 0.040 | 0.040 | [f.100 | | 
070 0.070 050 | 0.070 | 0.090} 0.080 | 0 | 0.090 0.070 | 060 | 
41 | 014 | Omm | 0.10 | | 1.20 | | | 
0.30 | | 0.36 | 0 4 | 0.18 | 
156.0 | 156mm | 96.0 156 1164.0 | 1178 
178.0 | 188 211.0 |1 203 1136.0 | | 
0.9 0 1.0 | 4 | | 74 | | | 7 | 
7 1.7 l 19 | 1 | 1.4 | | im | 
20 — | | 0.05 | 0 | 0.20 | 
22 0.11 | ORM | 0.11 | 0 | | 0.08 | | Om 
| | | 
010 0.030 | 0.030 | 0.010} 0.050| 0.110 | 0.200 | | 0.180 | 0.180 | 
070 0.030 | 0.010} 0.010 | 0.010 | 0.010/ 0.010 — | — 
0 36.0 | 45.0 | 64.0 83.0 [112.0 | 80.0 | | 67.0 | 67.0 
0 | 34.0 | 20.0 | 16.0 | 15.0 | 14.0 
2 0.8 0.5 | 0.3 0.5 1.0 | 2.4 | | 26 | 2.7 | 
8 0.6 0.4 | 0.5 0.8 0.8 0.8 a ee | 
i 02 | 04 | 0.1 0.5 | 0.5 | 0.5 | | 0.4 | 0.4 | 
3 01 | o1 | 02 | 02 | 05 | 04 | | — | — | | | 
230 0.310 | 0.375 | 0.390 | | 
080 0.055 0.030' — 
0 46.0 | 56.0 | 63.0 | 
0 31.0 | 27.0 | 0.00 | 
0 6.5 6.2 | 6.5 
| | 41.7 12 | 0.2 | | 
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Total potassium content 


Sodium concentration 


Sodium content 
Urine volume 


Ascitics (Digoxin 0.062 mg.) 


Sodium content 

Sodium concentration 
Urine volume 

Total potassium content 
Sodium creatinine ratio 


Creatinine 


Dog No. 12 (Placebo 0.5 c.c.) 
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Sodium concentration 
Urine volume 
Total potassium content 


Sodium content 


Dog No. 13 (Placebo 0.5 c.c.) ; 
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Sodium concentration 
Total potassium content 


Urine volume 


Sodium content 


SOR OR OHO 


Sodium concentration 
Urine volume 
Total potassium content 


Dog No. 14 (Placebo 0.5 ¢.c.) 
Sodium content 
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TABLE I. 
| | | | so | | | 90 
| 
a I | 0.48 | 0.62 | 0.25 | 0.09 | | 
C| 0.58 | 0.48 | 0.38 | 0.13 | | 
| I |237.0 207.0 (207.0 [118.0 | 
| C /230.0 [145.0 {165.0 [112.0 
ir] 30 | 30 | 11 | 
35 | 34 | 3.0 | 1.1 
I 0.050 | 0.061 0.110 | 0.170 
C | 0.080} 0.090} 0.110) 0.120. 
- — — I 5 | 0.135 | 0.140| 0.140 | | 0. 
C 7H | 0.080 | 0.110 | 0.160 | | 0. 
I (95.0 | 76.0 | 48.0 | 83. 
C il | | 80.0 | 73.0 | 39. | 63. 
I | | 14 | 2.1 | 3.0 | 1. 
| | }10 | 18 | 0. 
es I | | 0.05 | 0.06 | 0.05 0. 
C 7 | | 0.04 | 0.05 | 0.03 0. 
I | | 0. 0. 
C | | | 0. | 0. 
| | 170.8 | 
C | i] | | il 148 77. 
LT | | | | | | 0. 1. 
C | | | | | 0. 0. 
I | | | | | 1 | 0. 
C 0. 
I | | 0. 
C | | | | | 0.09 | 0. 
| | | | 
I | Omm2 | 0.147 | 6 | 278 0. 
C | ofms | 0.150 | | | 136 0. 
I 06 105.0 | | 59. 
C | [100.0 | | | | 68 
I | 2 14 | 4 | 1. 
C | 1 15 | | 2 | 1. 
I | 0 0.099 | 2 | 163 0. 
| C | 0 0.130 | | a | 065 36 0. 
| Omm | 0.360 | 0.373 | 0.381 | 0.305 | 0.180] 0.04) — 0. 
| 0 | 0.524 | 0.463 | 0.379 | 0.312 | 0.204} 0.209 | 0.168 0. 
160 180.0 [162.0 (141.0 [109.0 | 90.0 | — 
/218.0 [178.0 {151.0 [127.0 102.0 [104.0 | 97.0 100. 
| 2 20 | 23 | 27 | 28 | 30 05 | — 2. 
2 24 | 26 | 25 | 27 | 20 | 20 | 17 1, 
| | 0.215 | 0.202) 0.230| 0.228] 0.160] 0.365| — 0. 
| 0.235 | 0.182 | 0.216 | 0.223 | 0.183] 0.195 | 0.194 0. 
| om | 0.00 | 0 
| | 0. 0.07 | 0 0. 
| | 56. 60.0 | 18 65. 
| | 50.0 | 68 67. 
ia | 1. 2.0 0 | 0. 
| 1.4 | | | 0. 
0. 0.04 | | 0 0. 
| | | 0.0 | | om 
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| | | 
90’ 10 | 110 | 120" | | 150’ | 160° | 170 | 180’ | 190’ | 200 | 210 
a1 | | 0.57 | 0.57 | 
23 | | 0.37 | 0.25 
0 | 76.0 | 74.0 
0 | 70.0 | 60.0 | | 
4 7.1 
0 | 5.0 | 4.4 | 
100 | | 
080 | | 
2 
0.080 | 380 | 0.350 0.330 | 0.270 | 0.3 250 | 
0.060 | 110 | 0.100} 0.110| 0.110) 0.1 050 
83.0 ‘0 58.0 | 52.0 | 48.0 | 59.0 0 
63.0 ‘0 33.0 | 23.0 | 27.0 | 55.0 0 | 
1.0 ‘5 | 60 | 64 | 61 | 5.1 5 | 
0.04 ‘07 | 0.07 | 0.07 | 0.07 | 0. 08 | 
0.04 | 0.02 | 0.03 | 0.03 | 0.04 | 0. 04 | 
0.05 | | 0.17 | 
0.04 | | | 
| | 
77.0 | | 
1.00 | | 
0.60 | | | 
0.05 | 3 
0.07 | 
0.40 5 | | 
0.80 | | 
0.01 6 | | 
0.06 5 | 
0 0.030 | 0.164 | 0.160 | 0.138 | 078 
0 0.183 | 0.240} 0.118 | 0.108 | 090 
59 9.0 | 42.0 | 59.0 | 51.0 | 0 
68 9.0 | 57.0 | 59.0 | 54.0 | 
| 88.) | | 0 
1 31 | 42 | 2.0 | 2.0 0 
0 0.009 | 0.076 | 0.081 | 0.087 | 060 
0 0.054 | 0.070 | 0.030 | 0.040 | 048 | 
| 
0.138 | 0.185 | 0.174 
0.100 | 0.155 | 0.111 
69.0 | 171.0 | 67.0 
100.0 | | 97.0 | 93.0 
2.0 126 | 26 | 
0.224 4 | 0.172 | 0.139 | 
0.118 0.200 | 0.129 | | 
0.04 0. | | 
0.05 0. 
65.0 29. 
67.0 36. | 
0.8 1. | 
| | 08 1. | 
0.03 0. 
0.02 0. | 
| 


0.0153} 0.0198 
0.0172} 0.0161 
Potassium con- 
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constant from one ten-minute interval to the next, as the lack of a trend would 


indicate, one would expect the creatinine collected to differ from constant only by 


reflecting the size of the renal pelvis and ureter. 
truer reflection of how many minutes renal excretion is actually represented in 


kidney output, and should it relax the collection would represent less than ten 


I = Injected side; C = Control side; Total sodium in yveq.; Sodium concentration in meq./L.: 
minutes of the kidney output. 


tent in weq.; Total creatinine in mg. 


Sodium creatinine ratio 
Sodium concentration 
Sodium concentration 
Total potassium content 
Sodium concentration 
Total potassium content 
Total potassium content 
Creatinine 
Sodium creatinine ratio 


Sodium content 
Urine volume 
Sodium content 
Urine volume 
Sodium content 
Urine volume 
Sodium content 
Sodium concentration 
Urine volume 


0.275 ¢.c.) 


Creatinine 


Dog No. 11 (Salyrgan and =a 


Dog No. 10 (Mercuhydrin 0.3 cc.) 


Dog No. 16 (Placebo 1.0 ¢.c.) 


Dog No. 15 (Placebo 1.0 c.c. 


Dog No. 14—Cont’d. 
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TABLE I, -C 
| 
10’ | 40’ 5” | 6 70’ 
| 
a I | 0.6 1.0 1.7 | 0.2 1.2 14 | 03 | 0.3 
C} 06 | 11 | 13 | 15 | 02 | OS | 07 | 07 
I | 0.21 | 0.08 | 0.07 | 0.05 | 0.06 | 0.10 | 0.12 | 0.12 ( 
Cc! 0.19 | 0.08 | 0.07 | 0.05 | 0.22 | 0.15 | 0.08 | 0.08 
I | 0.192 | 0.139 | 0.253| 0.200| 0.148 | 0.062] 0.065 | 0.109 
C | 0.139 | 0.049 | 0.153 | 0.028} 0.016 | 0.082} 0.073 | 0.059 
I |50.0 |80.0 |52.0 |420 |450 |400 |480 |730 | 
C 40.0 | 43.0 | 32.0 | 10.0 | 14.0 | 28.0 | 28.0 | 59.0 4 
Bal 46 | 2.1 “15 1.1 1.2 
C} 3.2 10 | 4.5 22 | 09 | 28 1.5 0.9 } 
| | | | 
I 0 
C 0 
I 12 19 | 2 
C 7m | 15 
I ] 
C 1 1 
I 0.050 | 
C 0.041 | 
0.04 
0.04 
33.0 8 
29.0 { 2 
1.0 
1.5 
0.03 | 
0.03 
7 
4 
10 
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Plotting total sodium per 
The effects of digitalis, 


This would mean that the renal 
This we believe is the best explana- 


Note: Data to left of boldface line represents control period and to the right after injection into left renal 
tion for the initial high excretion in the control periods. 


total creatinine excretion in those with creatinine data during each of the inter- 


each collection period than is the time element itself. 
vals, we note that the initial hump disappears. 
pelvis contracted as a result of ureteral instrumentation. 


mercurial, and placebo become even clearer. 
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ILE —ContT’D 
| | | | | 
y 90’ | 100’ 110’ | 120° | 130 | 140’ | 150’ | 160° | 170° | 180’ | 190’ | 200’ | 210 
3 02 | 0.5 | 08 | 10 | 04 | 0.7 
06 | 09 | 10 | 1.9 | 11 | 24 | 
9 0.15 | 0.10 | 0.05 | 0.06 | 0.10 | 0.08 | | 
” 0.06 | 0.05 | 0.04 | 0.04 | 0.05 | 0.03 | 
| | | | | 
09 0.118 | 0.124 | 0.100 | 0.112 | 0.102 | | 
159 0.096 | 0.028 | 0.068 | 0.101 | 0.097 | 
| | 8.0 | 38.0 | 22.0 | 19.0 | 18.0 | 
41.0 | 16.0 | 16.0 | 10.0 | 9.0 | 
! 13 | 26 | 40 | 53 | 5.3 
ve 3.1 | 62 | 5.8 
161 | 0 .0888 
| | 
| 4 | 
79 | | | 039 | | 
— } 
0.38 0.44 | 1 so | 
0.03 | 0.04 1 
20.0 | 23.0 | 50 | 94 | 
40 | 0.6 =) 12 
16 | 1.7 | | | | 
0.08 | 0.22 | | | 0 | 
. 0.07 | 0.06 | | 0 | | 0 0 | 
| | | | 
| 0.06 | i | | | | 
42.0 | | | | | | 
02.0 | 1 | | | | | 
0.3 | | | | | 
0.5 | 
0.01 | 
0.02 | | | | | | 
_ — | | | | | | 
1.10 | 1.10 | 1.27 | | | | | | 
— | 6 | | | | 
0.04 | 0.04 | 0.02 | | | | | 
arte 
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The ameliorating effects of digitalis on patients with congestive heart failure 
is a well-documented clinical observation. However, cardiac catheterization 
studies have failed to explain consistently this clinical effect of digitalis by means 
of its effect on the heart as a pump.’ 

The beneficial effect of mercurials in congestive heart failure is mediated 
through their actions on the kidney alone. The resulting unloading of sodium and 
water leads to the clinical improvement. In demonstrating a direct action 
on the kidney, it is not unreasonable to assume that at least part of the clinical 
benefit of digitalis in heart failure may also be by way of its renal effect, with 
resultant natruresis and diuresis. Although the intrinsic mechanism by which 
both digitalis and mercurial diuretics produce this phenomenon are unknown, 
the over-all effect of natruresis and diuresis is common to both. It is suggested 
that the kidney of the dog in congestive heart failure is more sensitive to Digoxin. 
Perhaps, this is due to nonspecific body overloading with sodium and water or 
specific to some other aspect of heart failure. Further studies are in progress. 

The effect of digitalis on the kidney is selective. Sodium and water excre- 
tions are increased, while creatinine excretion is unchanged and potassium ex- 
cretion is inconsistent. The mechanism of action must be different for mercurials 
in that the latter produce not only a natruresis and diuresis but also a sharp 
increase in potassium excretion. Hereto, the creatinine excretion is constant. 


SUMMARY 


Digoxin was injected into the left renal artery of nine normal dogs and one 
dog in congestive heart failure resulting from experimental mitral stenosis. 
A placebo consisting of the Digoxin vehicle was injected into the left renal artery 
of five normal dogs. Mercurial diuretics were injected into the left renal artery 
of two normal dogs. A direct natruretic and diuretic effect of Digoxin on the 
kidney was demonstrated. A comparison of the renal action of Digoxin and 
mercurial diuretics was discussed. 
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Clinical Reports 


HISTOPLASMIN SENSITIVITY ASSOCIATED WITH 
PERICARDIAL CALCIFICATION 


JuLes J. McCNERNEY, LIEUTENANT COLONEL, MC, USA* 
Bap CANNSTATT, GERMANY 


HE difficulty of ascertaining an etiological diagnosis in over 50 per cent of 

cases with calcified pericardiums has been appreciated for years. The 
literature abounds with speculations that vary widely, depending on individual 
experiences.'-> An interesting addition to the possible etiological agents in this 
condition was recently suggested by Billings and Couch. They report two 
cases in which the only suggestive finding was a positive histoplasmin test. 
Since this was the first report suggesting histoplasmosis as a possible etiological 
agent in pericardial calcification, the appearance of a clinically similar patient 
seemed to warrant its being reported. 


CASE REPORT 


A 20-year-old white soldier was admitted to a U. S. Army Hospital on April 10, 1955, as an 
overnight admission from his local dispensary for the purpose of obtaining a gastrointestinal 
series. During fluoroscopy the radiologist noted pericardial calcification and the patient was 
admitted to the Medical Service for further evaluation. 

The patient stated that he had been entirely well until January, 1954, when he first noted 
unusual shortness of breath on marked exertion such as forced marching or running long distances. 
This symptom gradually progressed and his physical tolerance became limited to the point that, 
when seen, he became short of breath upon climbing two flights of stairs or running the length of 
a basketball court. The exertional dyspnea was frequently associated with a feeling of ‘‘nervous- 
ness,” clumsiness, stumbling, spots before his eyes, and vague upper abdominal distress with 
gagging and occasional emesis. There was no other symptomatology and he was essentially 
asymptomatic except following periods of exercises. 

His family history was noncontributory. His past history revealed that the patient lived in 
Michigan, Missouri, and Arkansas until his enlistment in the army. Childhood diseases including 
measles, mumps, and chickenpox were without sequelae. In 1945 he was treated for St. Vitus’ 
dance which he recalls as consisting of ‘twitching of his nerves on the inside."’ He was treated 
with bed rest for two weeks, following which he felt entirely well. He was employed as a machin- 
ist for General Motors in 1952, a pre-employment x-ray being reported as normal. 

The patient enlisted in the army in January, 1953, at which time a chest x-ray was taken, 
followed by a repeat x-ray, and subsequent authorization for enlistment. The patient did not 
know the reason for the repeat x-ray. In the summer of 1953 he underwent sixteen weeks of 
infantry basic training without difficulty and made excellent scores on his physical proficiency 
tests. He was transferred to United States Army Europe in November, 1953. 


Received for publication Nov. 22, 1955. 
*Chief, Medical Service, 5th General Hospital, APO 154. 
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Fig. 1.—Posteroanterior of chest. 


Fig. 2.—Left oblique of chest. 
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Physical examination was normal with the exception of the following pertinent findings: 
There was a subcyanotic hue to the fingernail beds and lips. The face was ruddy. Blood pres- 
sure was 120/80 mm. Hg during expiration and 140/80 during inspiration. P2: was accentuated. 
The veins of the upper extremities collapsed upon elevation approximately 10 cm. above the right 
auricle. The liver was palpable 5 cm. below the costal margin, and was smooth, nontender, and 
without pulsation. , 


Laboratory Studies.—Hemoglobin 15.8 Gm., hematocrit 48 per cent, sedimentation rate 
2 mm. per hour (Wintrobe), W.B.C. 7,800 with normal differential. Urinalysis, serology, and 
liver function studies were negative or within normal limits. Venous pressure at the anticubital 
fossae was recorded at 380 mm. of water. ECG showed diphasic or inverted T waves in all 
standard, unipolar, and chest leads. Chest x-ray revealed a calcific pericardium over both ven- 
tricles and probably also a small portion of the left auricle (Figs. 1 and 2). Where calcium was 
not present, the right ventricle and left auricle, as well as the right auricle, were enlarged. Fluoros- 
copy confirmed the routine films and in addition revealed diminished pulsations over the left 
ventricular segment, averaging only 2 to3 mm. The outflow tract of the right ventricle showed 
increased pulsations in excess of 1 cm. 

Throughout hospitalization the patient was entirely asymptomatic while on bed rest. On 
the fifth hospital day he developed acute tonsillitis with purulent exudates in the tonsillary crypts 
which responded promptly to penicillin therapy. First and second strength purified protein 
derivative (intracutaneous) skin tests were negative, while the histoplasmin skin test was strongly 
positive (0.1 mg. intradermal). Since definitive therapy was not feasible in this theater, the 
patient was transferred to the United States for further evaluation and therapy. 


The history of St. Vitus’ dance in this patient is not specific in the absence 
of later significant history or clinical evidence of sequelae. The absence, clini- 
cally, of valvulitis or carditis would lead one to seriously question the possible 


rheumatic origin of his present disease. In addition, some authorities question 
the possibility that even proved rheumatic fever ever leads to a calcified peri- 
cardium.! The patient’s residence in Michigan, Missouri, and Arkansas is 
suggestive of exposure as noted in epidemiologic studies.’ 


SUMMARY 


A case report of a patient with clinical and x-ray evidence of chronic con- 
strictive pericarditis with a calcific pericardium is presented. The patient had 
negative tuberculin and positive histoplasmin skin tests. This suggests, along 
with a previous report,® that cases of pericardial calcification should include 
histoplasmin skin testing when the etiology is in doubt. 
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PROLONGATION OF P-R INTERVAL, AND AURICULAR 
FIBRILLATION AND FLUTTER AFTER -POLIOMYELITIS 


L. M. Sancuvi, M. R. C. P. (Lonpon), D. T. M & H (ENGLAND) 


Jarpur, INDIA 


LECTROCARDIOGRAPHIC abnormalities occurring during the acute 
stage and convalescence of poliomyelitis have been described as transient 
and last several weeks at the most. To our knowledge there appears to be no 
instance where these changes have been found several years after the acute attack. 
The following case has been considered worth reporting, as it showed interesting 
ECG abnormalities eight years after an attack of poliomyelitis. _ 


CASE REPORT 


A 22-year-old man was admitted to the surgical side of the hospital complaining of attacks 
of colicky pain on the left side of the abdomen accompanied by frequency of micturition for ten 
years, and a history of hematuria six months previously. He was referred for cardiac and neuro- 
logic evaluation because of slow, irregular heart and wasting of extremities. 


History.—Eight years earlier, he had suffered from high fever with severe pains in the limb 
muscles. Fever lasted for four days and he noticed that he could not move his limbs. He was 
confined to bed for nearly three months, during which he had some massage and other treatment 
for paralysis. He gradually regained some power and was able to walk and move about with some 
support. He soon noticed marked wasting of his limbs and later contracture of arm and leg 
muscles. Since this illness he has been conscious of having an irregular heart with changing rate. 
He also gets attacks of dizziness lasting for a few seconds off and on. He denies any history of 
rheumatic fever or any other illness except an occasional winter cough. 


Physical Examination.—The patient was a fairly well-built man, 5 feet 5 inches tall, walked 
with a limp, and had a marked scoliosis of lower dorsal and lumbar spine. There was no cyanosis 
or clubbing, and no dyspnea even on exertion. Pulse was irregular with a rate of 34 to 44 per 
minute and occasional long pauses, temperature normal, respiration 18 per minute, and blood 
pressure 90/65 mm. Hg. Examination of the heart revealed nothing abnormal except irregular 
slow rate and long pauses. Neurologic examination revealed wasting of muscles of all the four 
extremities with weakness, contracture of biceps and calf muscles, and loss of tendon jerks. There 
were no sensory changes. Electric reactions of muscles showed reaction of degeneration. Labo- 
ratory examination revealed negative Kahn test, E.S.R. 17 mm. per hour, blood urea 35 mg. per 
cent, blood calcium 11 mg. per cent, and alkaline phosphatase 12 K. A. units. Fluoroscopy and 
skiagrams showed a perfectly normal-sized heart, scoliosis of lower dorsal and lumbar vertebrae 
without any evidence of a bony lesion, and a left renal calculus. 

Electrocardiographic findings: ECG on Mar. 12, 1955 (Fig. 1), showed auricular fibrillation 
with an irregular ventricular rate of about 40 per minute, and a period of asystole of 3.12 seconds, 
auricular f waves not being visible even in special precordial Leads V;’ and V2’, the electrode being 
one space higher. This irregular rhythm continued till April 25, 1955, when it was noticed that 
the pulse rate had changed to 50 to 55 per minute, though it was still irregular. ECG taken now 
(Fig. 2) showed auricular flutter with varying grades of heart block, auricular rate of 260 per 


Received for publication Oct. 28, 1955. 


bmw yy LONG P-R INTERVAL, AURICULAR FLUTTER AFTER POLIO 613 


minute, ventricular rate of 53 per minute, and flutter P waves brought out clearly in special pre- 
cordial Leads V,’ and V2’. Injection of atropine, 1/200 gr. intravenously, accelerated the ven- 
tricular rate to 75 per minute, though flutter with varying block persisted. This continued till 
May 10, 1955, when a regular rhythm was noticed, except for occasional premature beats. ECG 
now (Fig. 3) showed normal sinus rhythm with a rate of 53 per minute, but a prolonged P-R inter- 
val of 0.4 second. Even now the special Lead V2‘ was necessary to bring out the P waves while 
V,’ even with a voltage of 1.5 millivolt did not show them. Injection of atropine, 1/100 gr. intra- 
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Fig. 1.—Mar. 12, 1955, showing auricular fibrillation, slow ventricular rate of about 40 per minute, and 
a period of asystole of 3.12 secondsin V;’._ No auricular waves seen even in V;’. 
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venously, changed the sinus rhythm to nodal rhythm with a rate of 60 per minute. ECG taken 
at the time of discharge from the hospital on May 16, 1955 (Fig. 4), continued to show the same 
sinus rhythm with prolonged P-R interval. 


DISCUSSION 


Though it is admitted that the possibility of some other etiologic factor 
cannot be completely excluded, it appears to be reasonably certain that the electro- 
cardiographic abnormalities in this case are a consequence of myocarditis oc- 
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Fig. 2.—April 25, 1955, showing auricular flutter, auricular rate 260 per minute, ventricular rate 
53 per minute with varying grade of heart block, and flutter waves seen distinctly in Vi’ and V2’. In- 
jection of atropine 1/200 gr. intravenously increased the ventricular rate to 75 per minute (a). 


curring during the attack of poliomyelitis eight years before, because of the 
following facts: (1) History of irregular heart and dizzy spells since that illness; 
(2) absence of any history of rheumatic fever or any other illness; (3) absence of 
any clinical or radiological evidence of valvular or other disease of the heart. 
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Prolongation of P-R interval occurs commonly and is an important diag- 
nostic finding in rheumatic fever. It is an important and serious complication 
of diphtheria denoting severe myocarditis. It is also observed in a number of 
acute infectious diseases, when it is usually transient and self limited in duration. 
However in rheumatic fever and less often in other infections, it may persist, 
though only exceptionally. 

Amongst cases of poliomyelitis who showed ECG abnormalities, prolonga- 
tion of P-R interval occurred in seven out of thirty-two cases of Gefter and 
associates, and two out of twenty cases of Bradford and associates. It persisted 


Fig. 2.—Cont’d. (For legend see opposite page.) 


for several weeks in some of them, but there appears to be no instance in which it 
persisted indefinitely. In the case reported here it has been present eight years 
since the acute attack of poliomyelitis. 

Bruen, as well as Keith, showed that the prolonged P-R interval in acute 
rheumatic fever is due to increased vagal activity. Altschule pointed out that 
evidence of increased vagal activity is frequently found in patients with rheumatic 
heart disease in whom auricular fibrillation develops. Klainer and Altschule 
Suggested that the increased vagal activity was probably responsible for pro- 
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Fig. 3.—May 10, 1955, showing normal sinus rhythm with a rate of 53 per minute, and a prolonged 
P-R interval of 0.4 second, P waves seen only in special auricular Lead V2’ and not even in V;’ with a 


Injection of atropine gr. 1/100 intravenously produced nodal rhythm with a 


voltage of 1.5 millivolts. 


rate of 60 per minute (a). 
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longed P-R interval and occurrence of auricular fibrillation and flutter in cases 
with myocardial infarction. Evidence of increased vagal activity in this case is 
suggested by the presence of the very slow ventricular rate during filbrillation, 
flutter, and sinus rhythm, as well as by the acceleration of this rate after admin- 
istration of atropine. It therefore appears that increased vagal activity is pro- 
bably responsible for the partial heart block, paroxysms of flutter and fibrillation, 
and the slow ventricular rate in this case. Paradoxical effect of atropine of pro- 
ducing nodal rhythm described by Friedberg is also seen in this case (Fig. 3). 
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Fig. 4.—May 16, 1955, Vo’ showing sinus rhythm ‘with prolonged P-R interval as in Fig. 3. 


Hermann and Hejtmancik define established flutter as one persisting over 
seventy-two hours. In the case reported here fibrillation continued for six weeks 
under observation and then changed spontaneously to flutter, which also per- 
sisted for two weeks before changing over to sinus rhythm, this again spontane- 
ously. It also appears from the history in retrospect that the patient had had this 
changing rhythm for the past eight years. This shows that established auricular 
arrhythmias can change spontaneously and supports the unitary theory of their 
production experimentally proved by Scherf and associates and Prinzmetal and 
associates. It is also seen that chronic flutter and fibrillation can persist for years 
without any symptoms so long as the ventricular rate is slow. 


SUMMARY 


A case which showed electrocardiographically auricular fibrillation, flutter 
with varying grades of heart block, and sinus rhythm with prolongation of P-R 
interval, these changes occurring spontaneously, is described. There-appears to 
be little doubt that these disturbances are a consequence of an attack of polio- 
myelitis, eight years previously. | 

Association of prolonged P-R interval, and auricular flutter and fibrillation 
may probably be due to increased vagal activity. 

The so-called special auricular Lead V2’ was necessary not only to bring out 
the flutter waves but even the P waves of normal sinus rhythm. 


SUMMARIO IN INTERLINGUA 


Es describite un caso con spontanee manifestationes electrocardiographic 
de fibrillation auricular, de flutter con varie grados de bloco cardiac, e de rhythmo 
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sinusal con prolongation del intervallo P-R. II ha pauc dubita que iste alter- 
ationes esseva le consequentia de un attacco de poliomyelitis que habeva oc- 
currite octo annos antea. 

Le association del prolongate intervallo P-R con flutter e fibrillation auricular 
pote esser le effecto de un augmento del activitate vagal. 

Le si-appellate special derivation auricular V2’ esseva necessari pro monstrar 
le undas de flutter e mesmo le undas P del normal rhythmo sinusal. 


My thanks are due to Dr. L. R. Sarin, Superintendent, S.M.S. Hospital, Jaipur, for kind 
permission to publish this case. 


REFERENCES 


Gefter, W. I., Leaman, W. G., Lucchesi, P. F., Maher, I. E., and Dworin, M.: Heart in 
Acute Anterior Poliomyelitis, AM. HEART J. 33:228, 1947. 

Bradford, H. A., and Anderson, L. L.: Electrocardiographic Observations During a Polio- 
myelitis Epidemic, Ann. Int. Med. 32:270, 1950. 

Klainer, M. J., and Altschule, M. D.: Prolongation of P-R Interval in Patients With Parox- 
ysmal Auricular Fibrillation and Flutter Following Myocardial Infarction, Am. J. M. 
Sc. 203:215, 1942. 

Bruen, H. G.: Quoted by Klainer et al. 

Keith, J. D.: Quoted by Klainer et al. 

Altschule, M. D.: Relation Between Prolonged P-R Interval and Auricular Fibrillation in 
Patients With Rheumatic Heart Disease, AM. HEART J. 18:1, 1939. 

ees K.: Diseases of the Heart, Philadelphia, 1950, W. B. Saunders Company, 
p. 270. 

Hermann, G. R., and Hejtmancik, M.R.: Atrial Flutter, II. Clinical Aspects, Am. HEART 
J. 40:884, 1950. 

Scherf, D., Romano, F, J., and Terranova, R.: Experimental Studies on Auricular Flutter 
and Auricular Fibrillation, AM. HEART J. 36:241, 1948. 

Prinzmetal, M., Corday, E., Brill, I. C., Sellers, A. L., Oblath, R. W., Flieg, W. A., and 
Kruger, H. E.: Mechanism of Auricular Arrhythmias, Circulation 1:241, 1950. 


1. 

2. 

3. r 

Cc 

4. 

a 

Cc 
8. 
9. 
10. 

( 

( 

( 

] 


VENTRICULAR FIBRILLATION PRECIPITATED BY 
MINERAL IMBALANCE AND HYPOXIA 


G. Sinykin, M.D., L. Sansum, M.D., AND L. G1_tiam, M.D. 


LonG BEAcH, CALIF. 


ENTRICULAR fibrillation is becoming more important as a clinical entity 

with each passing year, due in large measure to the increasing amount of 
intrathoracic and cardiac surgery and the greater knowledge and use of electro- 
cardiography. It is the most serious of the cardiac arrhythmias and usually 
results in death. It is seen clinically as the terminal event in many cases of 
cardiac failure, coronary artery disease, anesthetic deaths, certain drug intoxi- 
cations, electrocutions, stab wounds, and chest-wall trauma, and during surgical 
procedures. It also occurs in some cases of heart block, where it may be transient 
and probably is the terminal event in many cases of death without demonstrable 


cause. 

Fibrillation of the ventricles was first described in animals by Ludwig and 
Hoffa. It received the name, ‘‘mouvement fibullaire,” by Vulpian, in 1874. 
Episodes of transient ventricular fibrillation were first reported by Hering, in 


1905, and by Denebe and Adams, in 1906, shortly after the development of the 
string-galvanometer electrocardiograph. In 1952, Robertson and Mathews, 
surveying the literature, found fifty-one cases of transient ventricular fibrillation 
since 1917.1. Johnson and Kirby, in their survey, found only five successful 
cases of ventricular defibrillation in surgery prior to their cases in 1951.2 Daniel, 
in 1944, reported a patient with myocardial infarction with ventricular fibril- 
lation who recovered. 

Wiggers, in 1940, defined ventricular fibrillation as an incoordinate type of 
contraction, which, despite a high metabolic rate, leads to no useful beats. Clini- 
cally, this is manifested by abrupt apnea and cessation of all pulsations and heart 
sounds. He showed that under the influence of a threshold stimulus administered 
during the last six hundredth of a second of systole, the so-called vulnerable 
phase, a single premature ventricular contraction occurs, followed by the initi- 
ation of ventricular fibrillation. This begins with a series of aberrant ventricular 
complexes, which have the appearance of premature ventricular contractions, 
but which he considers to be re-entrant waves. This involves smaller and smaller 
blocks of myocardium, each of which develops an independent excitation. In- 
creasing anoxia results in decreasing conduction and, finally, cardiac standstill 
and death. Schwartz described the recovery of the heart from ventricular fibril- 
lation in 1936. This begins with a postfibrillary pause, then a veritable stand- 
still of the ventricles, followed by an intermediary idioventricular rhythm, with 

From Department of Cardiology, Veterans Administration Hospital, Long Beach, Calif. 
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a progressive increase in heart rate to as high as 160 beats per minute before 
restoration of the basic cardiac rhythm. Duration of the postfibrillary period 
is dependent upon the duration of the antecedent period of ventricular fibril- 
lation, lasting from a few to thirty minutes or more.‘ 

There are many known factors which play a part as a fibrillation stimulus, 
or in altering the fibrillation threshold of the ventricles. Progressive anoxia 
has been shown by Wiggers, Resneck, and Criep, and others, to produce con- 
duction disturbances and various arrhythmias, including ventricular fibrillation.*-® 
Schwartz reported two patients with normal sinus rhythm, but with a tendency 
to develop ventricular fibrillation, in which fibrillation, or the prefibrillatory 
phase, could be produced by use of a rebreathing bag.? He postulated that the 
anoxemia may enhance the myocardial irritability sufficiently so that ectopic 
foci become effective when falling into the vulnerable phase. Hypercapnia 
has been shown to play a part in the production of ventricular fibrillation. (This 
may also be a factor in Schwartz’ rebreathing experiment.) Digitoxin and 
hypokalemia have been shown by Levine and others to result in numerous cardiac 
arrhythmias, including ventricular fibrillation. Levine believes that an im- 
portant factor in digitalis toxicity is the loss of K ion from the myocardial tis- 
sue.*! Other factors which have been implicated in the production of ven- 
tricular fibrillation are cyclopropane and epinephrine, hypoglycemia, chloroform, 
hypothermia, and, of course, mechanical and electrical stimulation of the heart.!®"! 

This is a case of cardiac arrhythmia due to mineral imbalance and hypoxia, 
in which the cardiac abnormalities were fortuitously recorded on the electro- 


cardiogram. 
CASE REPORT 


A 65-year-old white man, a retired janitor, was admitted to the Long Beach Veterans Ad- 
ministration Hospital on Dec. 8, 1954, in an acute psychotic state. He was placed in a closed 
psychiatric ward, where a few hours later, the ward physician found him to be comatose, with 
marked cardiac irregularities. He was then transferred to the cardiology service, where physical 
examination showed him to be an unresponsive, slightly cyanotic, emaciated man with labored 
respiration. The blood pressure was 160/108 mm. Hg; pulse, 72; respiration, 22; and temperature, 
101.2° F. (r). There was moderate nuchal rigidity. The pupils were equal and reactive, and 
the fundi had Grade 1 arteriosclerotic retinopathy, with sharp disc margins. The mouth was 
dry and crusted, and the cough reflex was absent. The chest was markedly increased in anterior- 
posterior diameter, and almost fixed in the inspiratory position with increased resonance. 
Throughout the lung fields were loud, coarse rales and rhonchi. The heart sounds were obscured 
by the respiratory noises. The abdomen was scaphoid and completely covered with pigmented 
scars and some areas of fresh blisters. There was no venous distention and no edema. The deep 
tendon reflexes were hyperactive and equal. There were bilateral pathologic toe signs and gener- 
alized tetanic contractions of all musclés, upon mild stimulation. 

An electrocardiograph tracing demonstrated a normal sinus rhythm, with occasional pre- 
mature ventricular contractions, high-peaked P waves and a prolonged Q-T interval. (See 
Fig. 1, top tracing.) While the machine was connected, the patient had a paroxysm of ineffective 
coughing, became markedly cyanotic, and then completely apneic. The radial pulse was absent 
and the electrocardiograph tracing showed ventricular fibrillation. Following positioning and 
endotracheal suctioning, the respiration and pulse returned. The electrocardiogram showed 
a gradual return to the previous sinus rhythm. (See Fig. 1, continuous tracing.) This series 
cf events, i.e., obstruction, apnea, and ventricular fibrillation, recurred three times, until a tra- 
cheotomy was performed and an adequate airway was established. Thick, purulent, tenacious 
material and plugs were suctioned through the tracheotomy, with marked improvement of respi- 
ration and correction of the cardiac irregularities. 
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Fig. 1.—Dec. 8, 1954. Interpretation of continuous tracing above: A, Patient apneic, ventricular 


fibrillation; B, Change from ventricular fibrillation to idioventricular rhyth 
of sinus rhythm, though P waves are of different contour; D and E, P 
initial tracing, but transiently the idioventricular rhythm reappears; F 
and persists, with ventricular ectopic beats. 
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The initial laboratory findings were: Hemoglobin, 13.6 grams; hematocrit, 47 per cent; 
red blood cell count, 4,510,000; white blood cell count, 11,900. The urine had a specific gravity 
of 1.001; hydrogen ion concentration was 7.5, and was negative for sugar, albumen, and barbitu- 
rates. Blood chemistries were: Carbon dioxide, 36 meq.; chlorides, 79 meq.; urea nitrogen, 
12 mg. per cent, and serum bromides, negative. The spinal fluid had: Total protein, 31 mg. 
per cent; sugar, 114 mg. per cent; chlorides, 520 mg. per cent; cell count, 2 granulocytes and 10 
lymphocytes. 

He was initially treated with parenteral fluids (saline, dextrose, and 20 meq. of potassium 
chloride), antibiotics, intravenous calcium gluconate, and Pronestyl. The following morning, 
his blood chemistries were: Potassium, 2.6 meq.; sodium, 126 meq.; chlorides, 68 meq.; carbon 
dioxide combining power, 38 meq.; pH of arterial blood, 7.71. 

He was then treated with large doses of potassium chloride and smaller doses of saline and 
dextrose. In thirty-six hours, he was responsive, taking oral feedings, and again complaining 
of his abdominal discomfort. Five days following admission, his blood chemistries were normal: 
Sodium, 139 meq.; chlorides, 103 meq.; potassium, 4.8 meq.; and carbon dioxide, 28 meq. He 
was afebrile and alert. The electrocardiogram was essentially normal. (See Fig. 1, bottom 
tracing.) 

When the patient had become mentally clear, the following history was obtained: For 
thirty years, he had complained of abdominal distress, gas pains, and constipation. He had, 
during this period, taken large amounts of cathartics, antacids, and analgesics. The frequent 
use of a hot water bottle was responsible for the abdominal pigmentation and fresh burns noted 
above. During the past three years, the patient had been hospitalized at this institution for 
his gastrointestinal complaints seven times. Thorough studies had all been negative for organic 
pathology. During the period prior to the present admission, he apparently developed an upper 
respiratory infection. At this time, he increased his intake of epsom salts to sixteen tablespooiis 
daily, in spite of six to eight bowel movements daily. He also ingested about eight tablespoons 
of sodium bicarbonate, and three to four gallons of water a day. Six hours prior to admission 
to the hospital, he was given a hypodermic injection, apparently morphine sulphate, for his ab- 
dominal complaints. Shortly after receiving the injection, he became confused, and was brought 
to the hospital. 


We believe this case worthy of note in several respects. First is the develop- 
ment of a very severe mineral imbalance secondary to the ingestion of cathartics, 
sodium bicarbonate, and water, resulting, presumably, in losses of electrolytes, 
particularly potassium and chloride, through the bowel and kidney. Thus, 
in an obviously emphysematous patient, there was an actual alkalosis, rather 
than respiratory acidosis. Second, despite what must have been a severe elec- 
trolyte imbalance for some time, the patient did not develop any difficulty until 
his respiration was depressed by a narcotic. It is well known that psychotic 
episodes, such as that which appeared in this case, may result when hypochlo- 
remia, hypercapnia, or hypoxia is produced. Third, the patient had a sinus 
rhythm in the face of these extreme electrolyte abnormalities until another factor 
was added—hypoxia. Thereupon, a severe, and what might have been fatal, 
cardiac arrhythmia developed. Once an adequate airway was established by 
tracheotomy and oxygen administered, no further arrhythmias occurred, even 
though the electrolyte imbalance had not been corrected. This may be analgous 
to what happens in sudden death, without demonstrable cause, in pulmonary 
emphysema patients. However, in this case, the electrolyte abnormality is 
somewhat different from those seen in the typical emphysema patient. In other 
words, the myocardium may be sensitized by mineral abnormalities, and with 
the addition of hypoxia, severe arrhythmias may develop. 
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A case is presented of a man with chronic pulmonary emphysema and chronic 
psychotic fixation on his gastrointestinal tract, in which severe mineral imbalance 
occurred because of his extensive self-treatment. The addition of an upper 
respiratory infection, and a narcotic, with consequent hypoxia, were sufficient 
to produce a psychotic episode, deep coma, and ventricular fibrillation. 


SUMMARIO IN INTERLINGUA 


Clinicamente fibrillation ventricular es reguardate como le evento terminal 
in multe casos de disfallimento cardiac, morbo coronari arterial, morte anesthetic, 
certe intoxicationes drogal, electrocution, trauma del pariete thoracic, e durante 
interventiones chirurgic. Illo occurre probabilemente etiam in multe casos de 
morte sin ulle causa demonstrabile. I] ha multe factores de importantia como 
stimulo de fibrillation o in deprimer le limine de fibrillation ventricular. Inter 
illos se trova anoxia, hypercapnia, hypokalemia, drogas, anestheticos volatile, 
hypothermia, e stimulation mechanic e electric. 

Es presentate le caso de un homine con chronic fixation psychotic super su 
tracto gastrointestinal, in le qual occurreva sever disequilibrio mineral a causa 
de su extendite automedication. Le superimposition de un infection del tractos 
respiratori superior, e de un narcotico, con resultante hypoxia, sufficeva a pro- 
ducer un episodio psychotic, coma profunde, e fibrillation ventricular. Malgrado 
le sever disequilibrio electrolytic, nulle arrhythmia ulterior occurreva depost le 
establimento de un adequate via aeree. 
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HEMATIN COMPOUNDS IN MAMMALIAN HEART 
AND SKELETAL MUSCLE 


GUNNAR BidércK, M.D. 


MALMO, SWEDEN 


T IS obvious to the cardiologist that a marked reduction of the volume of 
circulating blood per unit time in any particular organ (e.g., a coronary 
thrombosis) must seriously interfere with the metabolism of that organ. It 
is perhaps not always realized why the normal minute volume through a par- 
ticular organ, or through the body as a whole, has its actual dimension. Do the 
metabolic ‘‘needs’’ of an organism determine the capacity of its circulation, or 
does the circulatory system limit the metabolic activity, or is there a third factor 
regulating both? 

Whichever the ultimate determinant of cellular metabolism may be, the 
volume per unit time is limited by the maximal capacity of the energy-trans- 
ferring mechanism over the same time, provided no decrease in the energy level 
of the cell is allowed (such as procuring an oxygen debt, etc.). The energy- 
transferring system consists of a series of cog-wheels, where ‘‘substrate’’ supplied 
by capillary (arterial) blood is handled by enzymatic, intracellular cog-wheels, 
which break up energetic bonds through the fractionating and resynthesizing 
of carboxylic acids. In this procedure, beside carbon dioxide, which is partly 
utilized for the synthesis of C-C-bonds and partly excreted, hydrogen ions 
and free electrons become released, and the latter two fragments have to find 
their way through the cog-wheel machinery of cytochromes toward the oxygen 
kindly supplied by the same arterial blood (Fig. 1). Coupled with this process, 
adenosine triphosphate (ATP) is synthesized from adenosine diphosphate 
(ADP) and inorganic phosphate. Chemically, the process of splitting off hydro- 
gen requires energy, but the oxygen pays the bill in combining with the hydrogen 
to form water, at the same time preventing a potentially dangerous acidification 
of the cell. If the energy transfer follows this path, it is obvious that the capacity, 
not only of the circulatory system, but also of the intracellular transfer mecha- 
nism may influence the range of metabolic activity. The situation is particularly 
complicated within the heart where changes in cellular metabolism directly 
affect the volume of circulation and may create a vicious circle. 
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Not very much is known, in quantitative terms, about the dimensions of 
the intracellular energy-transferring systems (and available data are not always 
expressed in comparable forms). In the cardiological field, therapeutic attempts 
have been directed to this area on the rather loose assumption that deficiencies 
might exist here.'? Clinically, however, only one well-defined deficiency seems 
to be established,* viz., the lack of thiamine (vitamin B,) for the synthesis of 
cocarboxylase in beriberi heart disease. 


Ca ary 

P Hb 0, => Hb+O, == 0, (phys.) 


Sarcoplasm 
\ 
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f: cyto Fe** 


! 
Sarcosomes ' 


Fig. 1.—Schematic representation of the role of cytochromes and myoglobin (Mb) 
in the cellular respiration of muscle. A = substrate. 


Thiamine apparently cannot be manufactured within the cells, at least not 
in adequate amounts. The synthesis of such hematin compounds, however, 
which are the essential links in the chain of cytochromes, seems to be an almost 
universal quality of aerobic cells. This is true both of plants (chlorophyll), 
many bacteria, and the animal kingdom. As a matter of fact, hematin and 
cytochrome are said to precede the development of chlorophyll and hemoglobin.‘ 
It is therefore per se not very likely that such substances should be produced 
in amounts inadequate for the task they have to fulfill. Nevertheless, under 
certain conditions, the supply of material for the synthesis of these rather compli- 
cated compounds might be inadequate or disturbances affect the synthetic proc- 
esses. As the structural components of the intracellular hematin compounds 
generally are similar to those of hemoglobin, such pathological conditions as 

*It is also possible* that diphtheria myocarditis may be due to interference with the synthesis of 


some parts of the cytochrome system (though it would be difficult to explain an immediate action in 
view of the supposedly slow turnover of such compounds). 
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affect the blood, also might exert some influence on the quality and distribution 
of intracellular hematin compounds. 

Cross-striated and heart muscles of higher animals usually contain cyto- 
chromes and myoglobin. Functionally, the cytochromes are supposed to partici- 
pate in the rapid transfer of electrons, i.e., to act as transelectronases, while 
myoglobin is considered to be essentially an oxygen store. Chemically, how- 
ever, the building-stones of the cytochromes are not uniform. While cyto- 
chrome c contains cytoheme c, myoglobin and cytochrome b contain protoheme 
and cytochrome a + a; (cytochrome oxidase), ‘‘Ferment heme,’’ according to 
Kiese. Some important characteristics of hemoglobin, myoglobin, and cyto- 
chrome c are given in Table I. 


TABLE I 
| 
| HEMOGLOBIN MYOGLOBIN CYTOCHROME Cc 
| 
1. Prosthetic group | Ferroprotoporphyrin | Ferroprotoporphyrin | Ferroporphyrin c 
2. Molecular weight 68 ,000 7,000 13, 
3. Per cent iron and 
valency .34 % Fe++ .34 % Fe++ .43 % Fe++/+4++ 
4. a-band, oxy-577 oxy—582 (red) 550 
CO-568 CO-579 
5. Dissociation curve S-shaped Hyperbolic 
6. O2 combination at pH 
7.4 and 20°, (liter x 
millimol' 
sec.—') 4,000 19 ,000 
7. dissociation, sec.—' | 40 37 
8. Occurrence in man, 
order of magnitude 15 Gm. per 100 ml. 1 to 3 Gm. per 100 | 5 to 70 mg. per 100 
blood Gm. muscle Gm. muscle 


One may, of course, ask why iron-porphyrin-protein compounds have been 
chosen by Nature for the handling of the energy transport problems of oxidative 
metabolism. 

The answer is probably that the metallic part of such compounds is a useful 
tool on account of its ability of rapid changes in valence or reversible combi- 
nation with oxygen. These processes must, however, be well controlled in order 
not to surpass the actual biologic needs, and this is accomplished by anchoring 
four of the six valences to nitrogen. Furthermore, by choosing for that anchor- 
age protein molecules of a convenient size, the compound may be prevented from 
free diffusion through cellular membranes and kept in proper place. 


THE CYTOCHROME CHAIN 


Since the time of the discovery of the cytochromes and the interpretation 
of their biologic significance by Keilin in 1925,5 many more details have been 
added to the picture—not least from Keilin’s own institute. It seems logical 
to precede the detailed discussion of the various hematin compounds by a short 
survey of the present concepts regarding the cytochrome chain, as studied in 
mammalian muscle. 
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Excellent reviews’ * have recently summarized the existing theories regard- 
ing the cytochrome chain, and the present concept may be illustrated as in Fig. 2. 


Of the substances in this chain, cytochrome c is fairly easily extractable 
and has been well defined chemically.®:!° Cytochrome b, as well as cytochrome 
a+ a3 (cytochrome oxidase) are strongly bound to the cellular structures. They 
have most profitably been studied by manometric and spectrophotometric pro- 
cedures, but have not been convincingly isolated chemically as yet. There is 
some argument as to the place of cytochrome b.'!'* Furthermore, as indicated 
in Fig. 2, at least one ‘‘unknown compound’’—Slater’s factor and/or Nygaards 


Succinate DPN 
Succinic dehydrogenase Diaphorase (flavoprotein) 


Cytochrome b 
Slater’s factor 


Cytochrome 


Cytochrome c 
Cytochrome a 
Cytochrome az cytochrome oxidase) 


Molecular oxygen 
Fig. 2.—Schematic representation of the chain of cytochromes. 


factor“—seems to exist below cytochrome c. Very little is known about this 
compound, but it is assumed by Slater to be of hematin nature, while Nygaard 
believes his factor to contain phospholipids as an active part. According to the 
studies by Ball,* the phospholipid compounds apparently somehow accomplish 
the anchoring at the cytochrome chain (or parts of it) to the cellular structure, 
and the ‘unknown compound” may show characteristics of both hematin and 
phospholipids. Quite recently, Green and Beinert™ have discussed the possi- 
bility of cytochrome b and Slater’s factor as well as a ‘‘cytochrome c-linking”’ 
factor constituting different parts of a common succinic dehydrogenase complex. 


= 
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Several authors®7'*-'§ have indicated the presence in tissue homogenates 
of a ‘‘free’’ hematin, not accounted for by myoglobin or hitherto identified cyto- 
chromes. Since ‘‘free’’ hematin has been shown by Keilin and Hartree’ as well 
as Pappenheimer and Williams*® to be a poison for the succinate pathway of 
respiration, it seems less likely that the hematin in question is really ‘‘free.’’* 

While myoglobin probably is localized in the sarcoplasm, the cytochrome 
chain seems to be incorporated in the large granular fraction obtained at sepa- 
ration procedures.*-* In liver, this fraction is generally termed ‘‘mitochondrial,” 
while in heart muscle Cleland and Slater maintain that the localization is in 
the semipermeable membrane around the “sarcosomes,’”’ which were first de- 
scribed by G. Retzius in 1890.2 Whether these structures contain the whole 
amount of the respiratory chain (‘floating batteries carrying cargoes of enzymic 
charges on a sea of cytoplasm,” in Drabkin’s®’ visionary language) is difficult 
to say, but the solubility of cytochrome c in contrast to the other cytochromes 
may indicate a real difference in intracellular distribution or attachment.”.8 

One of the puzzling facts about the cytochromes in this connection is their 
different choice of porphyrin, as previously mentioned. Ball and Cooper?® 
have pointed out that to cytochrome oxidase are assigned all the functions dis- 
played by the various hemochromogens known. It reacts with oxygen like 
hemoglobin or myoglobin, and its iron undergoes reversible oxidation and re- 
duction like the cytochromes. Ball and Cooper, therefore, believe cytochrome 
oxidase to be the most primitive of the hemochromogens and the one from which 
all others were later derived. If this is true, there must be some further reason 
for the exchange of porphyrin in some of the links of the chain. 

If the concept of a cytochrome “‘chain”’ should be literally valid, one would 
assume the quantitative relationship between the various components always 
to be the same and determined by the transfer capacity per unit time of the 
individual components. There is, however, ample evidence to the contrary. 
Not only are there examples of very high contents of one particular cytochrome, 
as cytochrome b in the adrenal medulla of horses*® or in Corynebacterium diph- 
theriae,’ but there may also be a complete lack of one or more of the components, 
as in some kinds of Neurospora,*! or nearly so in the heart of larval silkworms, 
in contrast to their abdominal muscles.* Furthermore, some cytochromes, 
though spectroscopically identical, have been shown to differ considerably in 
their electrophoretic and enzymic properties.'* Slight differences, due to the 
composition of the protein radicals, have been found in cytochrome c from various 
mammalian species.!:* 

In this somewhat confusing state of affairs, it was not altogether surprising 
to encounter the theory, recently presented by Green and associates® on the 
basis of their experiments with beef heart mitochondria, that the conventional 
cytochrome chain can be dispensed with and substituted by the direct electronic 
transfer mechanism of DPNH oxidase, acomplex compound that may be of hematin 


*The turnover rate of intracellular hematins seems to be considerably slower than that of hemo- 
globin.*°*" The assumption!? that the turnover rate might be higher in heart muscle than in the over-all 
musculature, and that part of the ‘‘excess’’ hematin might derive from elements in the synthesis and 
degradation of respiratory pigments is not supported by Drabkin's studies.“ Still, there may be a com- 
mon hematin “‘pool,’’ perhaps in some way imbedded in the protein-lipid material of cellular structure. 
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nature. This would reduce the somewhat hypothetical cytochrome a and the 
very real cytochrome c to a state of unemployment in oxidative metabolism as 
long as the DPNH oxidase acts as a “‘closed”’ circle. In view of the abundance 
of cytochrome c in the animal kingdom and in bacteria, one must then assign 
to it another task to fulfill. It is at present not possible to reconcile the different 
views in this field, but the general type of information arrived at in later years 
points to a higher degree of structural and functional interaction between respira- 
tory pigments in space and time. We will have to accept, not only that several 
of these enzymes are as yet not identified, but also that some of the isolated ones 
may merely represent fragments of greater units. With this reservation, it 
may nevertheless be of interest to analyze some observations on the distribution 
and possible importance of certain hematin compounds in mammalian heart 


and skeletal muscle. 
MYOGLOBIN 


The greatest quantity of hematin in muscle tissue is provided by myoglobin. 
This statement is not without exception, however, as ‘“‘white’’ musculature and 
smooth musculature generally appear to contain little, ifany, myoglobin. Never- 
theless, the gizzard of fowls, which is a smooth muscle, contains great amounts 
of myoglobin. 

The fundamental and intriguing question regarding myoglobin concerns 
its place and task in the chain of oxidative metabolism depictured in Fig. 1. Is 
myoglobin a link in the chain of electron carriers, or is it a storage battery loaded 
with oxygen? Can the latter concept be expressed in terms of “‘transport in 
time,’’?? and if so, does this settle the argument? Moreover, regardless of theo- 
retical speculations, is myoglobin a valuable functional adaptation in higher 
animals, or is it only a blind alley in the laboratory of Nature, useful chiefly to 
whales, seals, manatees, and penguins with their peculiar inclination to under- 
water life,* but not to individuals with conventional patterns of behavior? 
Though most workers in the field agree on the storage hypothesis, many ob- 
scurities remain, and it may be pertinent to present some of our knowledge on 
myoglobin as a contribution to the discussion. 

Chemically, myoglobin (Table I) corresponds to one fourth of a hemoglobin 
molecule, its molecular weight being 17,000 with only one iron atom, as against 
68,000 for hemoglobin with four iron atoms. This helps to explain the great 
differences in the oxygen dissociation curve of the two compounds (Fig. 3), that 
of myoglobin being hyperbolic while that of hemoglobin is S-shaped.*“ The 
composition of amino acids in the protein moiety varies somewhat from species 
to species,*” and it is possible that more than one type of myoglobin may be 
found in the same species.**® While fetal hemoglobin, which is of extramedullary 
origin, is known to differ from adult hemoglobin, there is less reason for such a 
difference in myoglobin, and no difference has yet been found. Myoglobin is 
synthesized in the muscle cell itself, and the turnover rate of its iron porphyrin 
is much slower than that of hemoglobin or even cytochrome, as demonstrated 
by Theorell and associates.2!_ This is also in accordance with clinical findings.'” 


*Stationary hemoglobin is also found in the ganglia and brain of certain worms who live in shallow 
waters, and helps them to store oxygen from one tide to the next. 


The chemical characteristics of myoglobin have been largely clarified by 
Theorell.** In respect to oxygen, it follows the same pattern as hemoglobin, 
acting through a reversible attachment of oxygen without change in valence 
(and without rusting, as commented by Drabkin,?’) while the electron transfer 
by the cytochromes is performed through rapid changes in the valency of their 
iron. The biologic significance of the oxygen dissociation curve of myoglobin 
as shown in Fig. 3 is that it can combine with oxygen to more than 90 per cent 
saturation at the oxygen tension ordinarily prevailing in capillaries, but when 


% oxygen saturation 
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Oxygen tension: Venous Arterial 


Fig. 3.—Hb = oxygen dissociation curve for human blood at 38° C. and pH 7.3, according to 
data given by Courtice and Douglas (1947), quoted from Wyman. Mgb = oxygen dissociation curve 
or a solution of horse myoglobin, at 37° C. and pH 7.4, according to data given by Theorell (1934). 


the oxygen tension is lowered to values below 10 mm. Hg, oxygen is rapidly 
released in the interior of the cell. Working with Watson’s value for myoglobin 
(0.5 per cent of wet weight), Hill®’ calculated that 2 mm.’ of oxygen per Gm. 
of muscle would be released during a physiologic decrease in tension from 40 
to 5 mm. Hg, together with 0.9 mm.’ of oxygen physically dissolved in the muscle. 
If the myoglobin values for human skeletal and cardiac muscles are applied— 


*For his fundamental contributions to the biochemistry of cytochrome c and myoglobin, Hugo 
Theorell won the Nobel prize in medicine for 1955. 
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corresponding to 0.6 per cent for skeletal muscle and less than 0.4 per cent for 
cardiac muscle—Hill’s values may be correspondingly recalculated. Using the 
values for cardiac oxygen consumption collected by Gregg** of about 1 to 2 mm.’ per 
Gm. at each contraction, one will find that the mechanism depicted by Hill is suf- 
ficient for the ordinary cardiac needs. Even with a venous pO, (oxygen tension) 
of 20 mm. Hg as may be found in coronary sinus blood, the myoglobin oxygen 
content is but little affected. 

Millikan, who contributed excellently to the knowledge of the physiology 
of myoglobin,***° was able to show that myoglobin in the soleus muscle of the 
cat spent 1 per cent per second of its oxygen content at rest, but 9 to 40 per cent 
per second at tetanic contraction. Naturally, the old problem of the mainte- 
nance of circulation in the muscle during contraction presents itself in the dis- 
cussion of the function of myoglobin. Millikan sided with those who do not 
believe in an interruption of the circulation. This problem is of particular 
importance for the heart muscle, which in contrast to skeletal muscle does not 
normally acquire an oxygen debt and which, therefore, is largely dependent on 
continuous oxidative metabolism. From work done in Wiggers’ laboratory**:* 
it appears that the blood flow in intramural coronary vessels continues during 
the whole cardiac cycle, though at different rates. The blood flow is probably 
significantly reduced only in the left ventricle during part of systole and in 
skeletal muscle only at vigorous contraction. 

Myoglobin, in contrast to most cytochromes, is easily extracted from the 
muscle cell.* The content of myoglobin determines the color of the muscle, 
those with myoglobin being called ‘‘red,”’ those with little or no myoglobin 
“white.”” However, this difference in color is by no means the only one. On 
the contrary, Lawrie“ has recently reviewed the many differences observed, 
the common denominator of which is the greater capacity for respiratory metabo- 
lism in red muscle, and the greater capacity for anaerobic, glycolytic processes 
in the white one. (Quantitative data on the availability of such mechanisms 
in heart muscle appear to be conflicting.) Red muscle has, furthermore, a richer 
supply of mitochondria.“ 

In embryonic life of humans!’ and higher mammals,** the myoglobin content 
of the heart, though still lower than in adults, exceeds that of skeletal muscles, 
but as the young grow up and begin to move around, the myoglobin content of 
the skeletal muscles increases fast and surpasses that of the heart. Thus, in 
the adult man the myoglobin content makes up 1.5 (or possibly 2) per cent of 
the dry weight of the heart muscle, while the corresponding figure for skeletal 
muscle is 2.5 (or possibly 3). All authors, with only one exception,'® agree that 
the content of myoglobin is considerably lower in the heart than in the skeletal 
muscle (irrespective of animal species or method of determination). There is 
also a general impression that the myoglobin concentration in small animals is 
lower than that in bigger ones, but figures from the literature!’ are difficult to 
compare because of the different methods employed, and there is a definite need 


*Actually, cytochrome c can be extracted with such simple and natural solvents as normal saline or 
blood serum..“.48 Drabkin's?7 contrasting of myoglobin to cytochrome c on account of their different 
solubility is, therefore, not quite to the point. 
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for reliable comparative investigations. In one and the same species, the myo- 
globin content seems to bear a relationship to activity, whereas no direct re- 
lationship to the circulating hemoglobin has been found.'’? Even in severe iron- 
deficiency anemia,‘’** the myoglobin seems to remain on a normal level. Nor 
has evidence been presented of anoxia having any definite influence on the myo- 
globin concentration.'’*7 In both instances, the general adaptive mechanisms 
of circulation and respiration carry the burden. Only in conditions involving 
structural or chemical damage to the muscles has a definite “myoglobin pa- 
thology”’ been observed.‘® Excretion of released myoglobin may give lower 
nephron nephrosis.*° 

As previously indicated, seals and whales stand out as remarkable extremes, 
provided as they are with an abundant supply of skeletal myoglobin. Figures 
as high as 4 per cent of the wet weight are given for the sperm whale.‘® Scho- 
lander, Irving, and Grinell® have shown that diving seals cut off the circulation 
to the greatest part of the musculature, utilizing myoglobin oxygen* and, later 
on, anaerobic metabolism for their energy needs, while hemoglobin oxygen is 
reserved for heart, brain, and the like. 

These observations perfectly fit.the concept of myoglobin as an oxygen 
store, and the physical chemistry of myoglobin is very suitable indeed for such 
atask. Millikan’s early statement* that myoglobin is high in muscles requiring 
slow, repetitive activity of considerable force has recently been seconded by 
Lawrie,“® who maintains’ that with a rapid heart rate, as in smaller animals, 
oxygen may be derived from hemoglobin dissociation without passage through 
a myoglobin store. While these arguments appear to be convincing, and there 
is no tenable alternative explanation, still some questions remain unanswered. 

First, the existence of white and smooth musculature shows that there are 
other devices for dealing with a temporary lack of oxygen without interfering 
with the essential activity, and the same is true of glycolytic mechanisms also 
in red muscle (oxygen debt). Poorest among muscles in this respect is the heart; 
one would then have expected a high concentration of myoglobin in the heart 
muscle, but this is not so—the heart has less myoglobin than skeletal muscle. 
The greater vascularization and blood flow in cardiac muscle may to a certain 
extent compensate for this; as a matter of fact, if heart muscle is compared with 
skeletal muscle during corresponding activity, the blood flow through the former 

*This myoglobin oxygen store may be sufficient for many minutes, while that of a human heart 
would be exhausted in a number of seconds. However, despite statements that cardiac muscle normally 
does not utilize pathways of anaerobic metabolism, it is obvious that cardiac activity in the absence of 
oxygen supply may continue as long as there is a store of ATP (or some other high energy phosphate). 
The duration of such activity will, then, depend upon the rate of ATP consumption for every contraction 
of the heart, and possible additional formation of new high-energy bonds anaerobically. Grauer™ 
found a continuation of cardiac activity for seven to twelve minutes after clamping of the trachea in 
rats. Lower figures are generally given for man. Several factors are operating: the existing oxygen 
stores in lungs, blood, and myoglobin, the metabolic rate, and the possible anaerobic metabolism. In 
Grauer’s rats, cardiac glycogen was found to be exhausted as a sign of anaerobic metabolism. Insurgery 
of the open heart, during hypothermia (25° to 28° C.), the venae cavae and azygos may be clamped for 
about ten minutes, during which time the heart is seen to contract with decreasing force and rate. At 
release of the clamps, cardiac activity is again improved. In this case, the blood oxygen store is rapidly 
depleted and only the myoglobin store plus possible anaerobic metabolism may meet the energy needs, 
which are, of course, also reduced. The period of decreasing activity, and the reviving after flooding 


of the heart again with blood, is of very great interest for the study of the importance of the myoglobin 
store and the possible anaerobic metabolism of the cardiac muscle. 
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is estimated at five times that of the latter.“ If the content of cytochrome c 
is employed as an index of the metabolic capacity?’ of a muscle, that of the left 
ventricle exceeds that of abdominal muscle by 700 per cent in man. The re- 
lation of cytochrome c to myoglobin is thus 12:1 when heart and abdominal 
muscle in man are compared. Using Lawrie’s values“ for cytochrome oxidase, 
the corresponding relation of cytochrome oxidase to myoglobin in horse heart 
and skeletal muscle is 4:1. These data indicate that cardiac myoglobin con- 
tributes much less, proportionately, than skeletal muscle myoglobin to the 
oxygen supply, and puts a heavier responsibility on the continuous delivery of 
transport oxygen, i.e., hemoglobin. 

To sum up, it may perhaps be said that myoglobin is not necessary for 
muscular function, but that it probably contributes to diminish the require- 
ment for glycolytic processes in normal conditions, thereby increasing the ef- 
ficiency of muscular metabolism. It is, however, of very limited importance 
when the circulation gets interrupted for intervals exceeding a few seconds (with 
the exception of special provisions in diving animals). Even when the greater 
vascularization is taken into account, the low myoglobin content of heart muscle 
in relation to the abundance of oxidative enzymes indicates a somewhat pre- 
carious condition for the heart. 


CYTOCHROME 


Like myoglobin, cytochrome c (see Table I) contains one atom of iron, 
but the hematin is cytoheme c and not protoheme as in hemoglobin and myo- 
globin. The prosthetic group is embedded in a crevice of protein, with two 
iron bonds to histidine imidazoles beside the four porphyrin nitrogen ones.!° 
This explains its nonautoxidizability and action through rapid changes in valence. 
Also, in cytochrome c, there are species differences in the protein moiety due to 
varying amino acid composition. Cytochrome c from horse or cow may, there- 
fore, give rise to antigenic reactions in experimental animals®** or patients.*’* 

Several studies have dealt with the localization of cytochrome c within the 
cells. Observations by Tsou” on the activity of ‘‘“endogenous”’ and “‘exogenous”’ 
cytochrome c indicate that ‘‘free’’ cytochrome c has considerably less catalytic 
capacity than cytochrome c in loco. Schneider and associates*® have shown 
that at least half of the cytochrome c content in rat liver is contained in the 
mitochondria, and this was confirmed by Dianzani and Viti.*® In our studies 
on rabbit and human heart muscle, Nigro and the author,” likewise, found the 
mitochondrial (sarcosomal) fraction to contain two thirds of the cytochrome c. 
Calculated on a weight basis, this fraction had seven times more cytochrome 
c than the muscle residue. 

Cytochrome c is almost universally distributed in the living nature,*® from 
aerobic bacteria upward. It is also found in most organs of the body, the con- 


*Keilin and Hartree*™® have recently. presented evidence that another component, cytochrome ci, 
which is not identical with Slater’s factor, is inserted somewhere between cytochrome b andc. This 
compound is thermolabile and more intimately connected with the cell structure than cytochrome c. 
In loco, it affects and displaces the 500 my band of the latter compound to 552 my. The significance of 
this observation is as yet not clear, and the following discussion will be limited to the conventional and 
chemically well-defined cytochrome c. 
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centration in mammals generally being highest in cardiac muscle, followed, in 
varying order, by skeletal muscle, brain, kidney cortex, spleen, and lung. In 
other species, there are remarkable exceptions to this series. Thus it is well 
known that the pigeon pectoral muscle is very rich in cytochrome c, and on the 
other hand, Pappenheimer and Williams* reported absence of cytochrome c in 
the heart of the silkworm pupa. The quantitative relations between the cyto- 
chrome c content in cardiac and skeletal muscles of various species is seen in 
Table II. It is apparent that not only does the heart regularly contain more 
cytochrome c than does skeletal muscle, but that there also seems to be less 
cytochrome in bigger animals than in smaller ones. Also here, however, the 
factor of activity may affect the pure relationship to size. Drabkin?’:® claims 
that the total content of cytochrome c of an animal is proportional to an ex- 
ponential function of body mass, close to W° ®7, which is theoretical for the 
relationship of surface to volume. The same factor should hold true for cardiac 


rate. 
TABLE II. CONTENT OF CYTOCHROME c IN VARIOUS SPECIES 


CYTOCHROME c, MG./100 GM. DRY WEIGHT 
ANIMAL RELATIONSHIP 
SPECIES | HEART TO SKELETAL 
SKELETAL MUSCLE MUSCLE 


Pigeon | 120: 82-245 (82) 
Bat 134 


Rat | 150-235 | 27-70 


ee pig | 60 

edgehog | 80-90 
Rabbit 50-110 (50) 6-15 
Dog 25 

Sheep 
Pig 

| 

orse 
Man | 18-70 (50) 


| 


The values are expressed as mg. cytochrome c/100 Gm. dry weight. Some values from the literature 
recalculated, assuming dry weight to be 20 per cent of wet weight. Our own observations are in italics. 


Determinations of the cytochrome c content of human heart and skeletal 
muscle™ have shown that the values from adult left ventricle center about 50 mg. 
per 100 Gm. of dry muscle. There is a significant tendency of decrease in age 
groups above 60, while in embryonic heart the values are considerably lower. 
Right ventricle and left atrium show values significantly inferior to the left ven- 
tricle of the same heart. In two cases of pulmonary hypertension, the right 
ventricle had more cytochrome c than the left ventricle. In cardiac infarction 
much of the cytochrome c becomes released. Abdominal muscle contains about 
7 mg. cytochrome c per 100 Gm. of dry muscle, whereas the content in the dia- 
phragm was found to be considerably higher. No particular cytochrome c 
pathology was disclosed in these investigations. There was no obvious relation- 
ship to grave anemia, and although the cytochrome c content in hypertrophied 
hearts and such with longstanding terminal tachycardia was slightly elevated, 


1.5 
3.4-4.5 
4.2-13.8 
5.0 
1.9-11.7 
3.0-4.2 
(7) 3.6-8.4 (7) 
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the difference was not significant. The findings in general are, however, in 
accord with the concept of activity as one common denominator in the regulation 
of the cytochrome c metabolism. 

The important role ascribed to cytochrome c in the transfer of oxidative 
energy has induced several experimental studies on the influence of such factors 
as anoxia and exercise on the content of cytochrome c. Drabkin?’ reviewed 
some of these studies, which are partly contradictory, and concluded that cyto- 
chrome c does not increase in anoxia. Also theoretically there should be little 
reason for an increasing volume of aerobic metabolism, when the oxygen supply 
is scarce. On the other hand, in conditions of high cellular metabolism, as in 
hyperthyroidism, the cytochrome c content, too, is increased, which to Drabkin 
signifies that the action of the thyroid on tissues is mediated by the cytochrome 
c. In consideration of the fact that the action of thyroid starts rather early, 
while the incorporation of radioactive iron in cytochrome, except for regenerating 
tissues, is rather slow, this problem deserves further study.* Again, ‘“‘activity”’ 
may act as a common denominator. It should be remembered that “activity” 
may imply two things: either heavy physical work or a high metabolic level. 
The work of the heart can be quite considerable even in conditions with low 
over-all activity, like devastating illness: in severe anemia, tachycardia may 
be necessary to keep up the minute volume, and this will be accentuated in con- 
ditions with elevated body temperature. Hence, a parallelism between the 
content of intracellular catalysts in heart and skeletal muscle is not to be expected 
per se. 

After the claim by Proger and associates?’ that cytochrome c was thera- 
peutically useful in conditions of tissue anoxia, several studies related to this 
problem were carried out. Ina critical review of the problem in 1950, including 
some personal experiences,*” the evidence for this claim was found rather weak. 

Later, several authors*-®* have again made experimental and clinical trials 
with cytochrome c. While reports from animal experimentations indicate that 
intravenous administration of cytochrome c would cause a prompt amelioration 
of signs of anoxia in electrocardiograms and electroencephalograms,® the clinical 
studies seem to indicate that such objective findings are exceptional. Instead, 
clinicians mention amelioration of dyspnea and mental sluggishness. Nothing 
new, however, has come to light as to the theoretical basis of such an action, and 
the investigations by Tsou® on the relative inactivity of “exogenous” cytochrome 
c—as compared to ‘‘endogenous’’—do not favor the idea of an immediate action 
of intravenously administered cytochrome c.f 

Beraud and Vannotti’s®* recent observation that cytochrome c can penetrate 
damaged liver cells, but not intact ones, is, of course, interesting. It remains 
to be shown that this increase in content is paralleled by an increase in activity, 
and that such an increase in activity would be of any clinical importance in view 
of the apparent factor of safety normally present.*® Nothing in the investi- 


*In a recent communication,®? Kripke and Bever claim that the basic role of thyroxine is that of a 
sulfhydryl group protector. 

tThe possibility of a pharmacologic action of cytochrome c, other than that of a respiratory 
catalyst, cannot at present be denied, but no evidence thereof has been presented. 
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gations carried out by the present author indicates that this safety factor is 
decreased in patients suffering from heart disease. 


OTHER CYTOCHROMES 


As previously mentioned, myoglobin and cytochrome c have been prepared 
in pure form and are therefore well known. The other components of the re- 
spiratory chain have not been purified to the same extent and are known pre- 
dominantly by their spectroscopic characteristics and their enzymatic behavior 
in suitable substrates. 

According to Kiese and Kurz,’ cytochrome b contains one molecule pro- 
toheme and a protein group of a size not exceeding 250,000 Gm. per mole heme. 
In solution, it has a red, somewhat opalescent color. Neither in solution, nor 
in situ, does it react with carbon monoxide, but it forms a pyridine hemochromo- 
gen. The rough proportions of cytochrome b hematin to that of cytochrome 
a+ a; in heart muscle® was found to be 1:2. From the data by Ball and Cooper”? 
and Kiese and Kurz’ can be deduced that the proportions in heart muscle of 
cytochrome a to cytochrome a; as expressed in iron atoms is 3:1, the proportion 
of (a + a;) to b 2:1, and, furthermore, the proportion of cytochrome c to cyto- 
chrome oxidase in heart muscle 3 or 4:1. If all these data are put together, 
the following proportions in the cytochrome chain will be arrived at: 


Cytochromes b c a a3 
2 3 to 4 3 1 


These relationships, however, give little information as to the “limiting factor’ 
of the system, because the individual turnover rates of electrons or oxygen mole- 
cules are the more important factors.* Early observations by Stotz,” as well 
as recently by Hess and Pope,” fit the concept that the concentrations of cyto- 
chrome c and cytochrome oxidase parallel each other in the various tissues and 
organs of the body.t Although cytochrome c has been considered as the limiting 
factor, data given by Ball and associates” and Potter” give little support to such 
an opinion. 

Still less is known about Slater’s factor" or of that described by Nygaard." 
The former is probably a hematin compound. In the author’s studies on the 
myoglobin and cytochrome c content in human muscle, certain amounts of 
“unknown”’ protohematin have invariably been found in the heart muscle residue 
after extraction of all soluble hematin compounds.” This has been the case also 
after viviperfusion and separation of the mitochondrial fraction in rabbits’ hearts. 
Finally, it may be pertinent to mention again Green’s** DPNH oxidase in mito- 
chondria, which may be of hematin nature, too. One cannot escape the im- 
pression that the identification of intracellular hematins is facing the same ques- 
tion as that encountered in histologic preparations: How much does the tech- 
nique used contribute to the appearance of the tissue slice in the microscope? 


*Recent figures by Chance and Williams’? for cytochromes a, c + c:, and b are in reasonable agree- 
ment with those given above. 

tData obtained by Ball”? indicate increased cytochrome oxidase activity in failing cardiac muscle. 
Increase in cytochrome c was found in hypertrophic right ventricles in two of my cases. 
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Do we fractionate the true working unit in artificial sections? Time alone will 
know the answer. 

In the beginning of this review, a somewhat rhetorical question was asked: 
Do the metabolic needs determine the volume of the circulation or the circulatory 
capacity restrict the volume of metabolism, or is there a common denominator? 
Metabolic factors may certainly—within limits—induce changes in minute 
volume, and circulatory insufficiency may reduce tissue metabolism. It would 
be well to remember, however, that circulation, like the nervous and endocrine 
systems, is a servant to the main functions of the organism: metabolism and 
reproduction. Moreover, the maintenance of a normal circulation is intimately 
connected with the metabolic processes within the organic structure of the circu- 
latory system itself. There is little doubt that in the majority of patients suffer- 
ing from cardiovascular diseases the problems will, ultimately, be stated in 
biochemical terms and not in mechanical ones. In the present era of surgical 
triumph this is often forgotten. However, no real progress in cardiology outside 
the limited field of reconstructive surgery can be arrived at unless clinicians 
attempt to connect circulation with metabolism at large. 

When diffusion alone could no longer permit the transport of soluble material 
to the interior of all cells,* channels for interior circulation had to develop, at 
first in open communication with the coelom, later as a closed system. With 
increasing complexity of the organism, the vascular walls had to assist actively 
in the propagation of the fluid, and out of this mechanism grew the heart. With 
this accomplishment, the circulating fluid became propagated with a pressure 
head, whereby the duration of the circulatory cycle could be shortened and the 
circulating fluid could be kept at a smaller volume. 

The equally amazing development of particular organs for extracting oxygen, 
first out of the water and then—with our ancestors assuming a terrestrial life— 
out of the air, shall not be dealt with here. For these inventions, had they not 
been coupled with the utilization of hematin pigments for the oxygen transport, 
would have left us with only some tiny amounts of physically dissolved oxygen 
in a slightly yellowish fluid, circulating through a pale and flabby heart. 

Some of these hematin pigments have now been presented to the reader. 
To what extent do they determine the volumes of the metabolism and the circu- 
lation? Perhaps the present knowledge may be briefly summarized thus: 
Though related in general structure and behavior, the synthesis and metabolism 
of the intracellular hematin is independent of that of transport hematin (hemo- 
globin). The content of such intracellular hematins.as are quantitatively studied 
(myoglobin and cytochrome c) bears some relationship to age and “‘activity,” 
and shows distinct differences in heart and skeletal muscle, which for myoglobin 
are opposite to those of cytochrome c. No correlation with presently known 
states of clinical pathology have been observed for the intracellular hematins, 
unless structural or chemical damage to the muscle was pre-existing. As the 
variation in values obtained from different subjects was considerable, this does 
not exclude the possibility of a specific pathology of these pigments, but no 


*For an effective diffusion of oxygen, the distance should not, generally, exceed 1 mm. in species 
with fairly high metabolic activity. 
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obvious clinical correlation to them was ascertained. However, the observations 
are not inconsistent with the view that these pigments are normally present 
in quantities well above the actual requirements, and that they permit—in 
combination with an expansion of the circulatory tributes—a wide range of 
working metabolic capacity. No conclusive proof has yet been offered that 
addition, by the way of circulation, of soluble intracellular hematin can amelio- 
rate conditions of local ischemia, while a diminishing of their activity by poison- 
ing (histotoxic anoxia) is known to cut down metabolism seriously. Not enough 
is known about the regulation, neither of the content of intracellular hematins 
in toto, nor of the individual proportions between them. The increase in cyto- 
chrome c reported as secondary to differences in activity or at administration 
of thyroid hormone indicates the presence of a kind of (genetic?) feed-back 
mechanism, whereby the cell may synthesize hematins in response to demand. 
The inverse relationship of cytochrome c and myoglobin in heart and skeletal 
muscle may indicate that such regulatory mechanisms affect both pigments, 
which apparently are manufactured in loco. Tissue anoxia due to insufficient 
oxygen supply (high altitude, severe anemia, cardiac failure) does not seem to 
stimulate the production of intracellular hematins. Some other signal may, 
therefore, be operating in the feed-back system. If this mechanism could be 
traced and the proper signal stimulated, there would perhaps be a means to in- 
crease tissue hematins—for good or for bad. 


SUMMARIO IN INTERLINGUA 


Le functionamento adequate del musculo cardiac require un transferimento 
de energia al processos chimic in le interior del cellula muscular. Durante que 
le transporto de oxygeno in le sanguine ha essite le subjecto de un enorme quan- 
titate de labores scientific, multo minus information es disponibile super le mech- 
anismo que es responsabile pro le passos ulterior de iste processo inira le cellulas 
muscular. Super le base del recente litteratura e del recercas del autor es pre- 
sentate un revista del occurrentia, physiologia, e pathologia in le cellulas muscular 
de alicun compositos de hematina, particularmente myoglobina e cytochromo c. 
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Book Reviews 


LirE STRESS AND ESSENTIAL HYPERTENSION. By Stewart Wolf, M.D., Philippe V. Cardon, Jr., 

M.D., Edward M. Shepard, M.D., and Harold G. Wolff, M.D., Baltimore, 1955, Williams 

& Wilkins Company, 253 pages. 

To all physicians who apply the holistic approach to medicine, this book will be a welcome 
addition to the already extensive literature. 

“If vasomotor changes are ultimately shown to be important in the production of vascular 
degeneration, it follows that threatening life situations may be an important factor in arteriolo- 
and arteriosclerosis and the complications consequent thereto.’’ This approach to essential hyper- 
tension is followed throughout. 

The “stressful interview” technique has been applied to the patients investigated. It is 
shown that the cardiovascular system is often “‘pre-set’’ to anticipate muscular activity without 
its conscious anticipation. Reduced exercise tolerance is demonstrated by pulse changes and S-T 
changes on EGG in the absence of organic disease in the accepted sense. Cardiac arrhythmias 
were also demonstrated under stressful situations which were consciously or unconsciously threaten- 
ing to the individual. 

One chapter is donated to a discussion of the ballistocardiograph. This apparatus was used 
in measuring changes in the hemodynamics of essential hypertension. 

It was observed that two methods of adjustment occurred and both could be found in hyper- 
tensive and normotensive subjects: the first, the ‘‘exercise’’ pattern, where a rise in blood pressure 
is attributable to a rise in stroke volume without a rise in peripheral vascular resistance; the sec- 
ond, the “‘high’’ resistance pattern, where raised blood pressure occurs as a result of increased 
peripheral vascular resistance with no rise in stroke volume. The former type of reaction occurred 
when emotional disturbance at interview was overt; the latter when the patient was showing a 
calm front and psychologically there was evidence of suppression and repression. 

No specific personality profile emerged in the patients studied but there was common ground 
in the attitude to life. The hypertensive had the desire to excel and yet avoided conflicts and 
feared to express open aggression. This raises the questions of psychotherapy and it appears 
from this study that the “listening and supportive’ type of therapy is a logical approach by 
physicians. ‘‘. . . there is evidence enough to warrant the clinician’s taking a serious interest 
in the background, life experience and attitudes of his patient in the hope of helping him to a more 
constructive adjustment.” 

The psychosomatic approach to the subject is stimulating and there is an adequate biblio- 
graphy. 

This book is within the scope of every general medical practitioner and would be of advantage 
to him in dealing with his patients. The “‘life situation’ approach to disease is still largely neg- 
lected by physicians. For the specialist it is a publication of importance. 

E. D. W. 


HYPERTENSION. By Irving H. Page, M.D., ed. 2, Springfield, Ill., 1956, Charles C Thomas, 
Publisher. Price $3.00. 


This is a clear, concise explanation of hypertension and its relationship to arteriosclerosis 
expressed in terms which a layman can understand. Many misconceptions are cleared up. The 
underlying psychological aspects are covered briefly. An optimistic view concerning prognosis 
and treatment is-adopted. Altogether this is an informative and reassuring little book for laymen. 

A. J. M. 
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PATHOLOGIC PHYSIOLOGY AND MECHANISMS OF DISEASE. Edited by William A. Sodeman, M.D., 
F.A.C.P., ed. 2, Philadelphia, 1956, W. B. Saunders Company, 963 pages, 173 illustrations. 
Price $13.00. 


This book fills the vacancy on the shelf that was previously occupied by Krehl and by Hewlett. 
It is an extensive collaborated effort by experts in each field, approaching the subjects of Internal 
Medicine from the standpoint of disturbed physiology, bridging the gap between physiology and 
pathysiology. The new term “Pathysiology’”’ would seem preferable to me to pathologic phy- 
siology which is abnormal normal function. The treatise is an attempt at clarification of how and 
why symptoms appear from genetics and growth to neoplasia through metabolism, endocrinology, 
physical, chemical, and toxic agents, and then treating each of the various systems in order; 
circulatory, respiratory, gastrointestinal, urinary, reticuloendothelial locomotor, and the nervous 
system. The first edition appeared in 1950 and this, the second edition, has extensive revisions 
and additions and yet the subjects in each field are not given the same complete coverage, for 
such would make the book entirely too long. 

Cardiovascular Physiology is most exhaustively treated, more so than it is in most of the 
monograph on heart disease. It is really a source book for the cardiac physiologist and cardiologist. 
One might question whether such extensive treatment may not be too much for the undergraduate 
student. The medical student, with all the reading he has to do, cannot really appreciate the 
value and wealth of fundamental information of this section. Gastroinstestinal physiology is 
treated in a similar detailed way. Metabolism and endocrinology are likewise rather expansively 
handled. 

The great detail in which Cardiovascular Pathysiology is treated may be due to the fact 
that it is the chief interest of the editor-author or because of the greater mass of information 
of a more or less exact type. This may well be justified on the basis of pre-eminent importance 
of this system and the physiology of the individual patient. Of course, in the subject covered by 
this text would be a most valuable correlation between the basic and the clinical sciences, but 
unfortunately, committees on curricula in some medical schools cannot seem to find a place be- 


tween the sophomore and junior year. It is an excellent book and points up the needs of more 
emphasis on the subject by teachers of Internal Medicine, most of whom attempt to establish the 
function disturbance of this or that organ and define the disturbance, as basis for symptoms, 
although he must admit that he cannot, as a rule, predict the anatomic or histologic organ lesions 
that are present. j 


G. H. 


SUBACUTE BACTERIAL ENpDocarRDITIS. By Andrew Kerr, Jr., M.D., Springfield, IIl., 1955, Charles 
C Thomas, Publisher, 343 pages. 


The book is an outstanding contribution to the subject of bacterial endocarditis. It is 
comprehensive and well organized. It serves as a ready reference for any aspect of the disease. 
There is an excellent chapter on the historical development of the bacterial endocarditis. The 
practical aspects of the recognition, course, complications, and treatment are covered in a thorough 
manner. There are chapters dealing with the association with acute rheumatic fever and other 
types of heart disease, occurrence during pregnancy, methods of administration and choice of 
antibiotics, causes of failure of treatment, and sequelae to antibiotic cure. While 800 references 
are cited, the author analyzes the material with sound clinical judgement. The book is recom- 
mended for student, practitioner, and research worker. 


B. L. 


Announcements 


A Course IN INTERPRETATION OF COMPLEX ARRHYTHMIAS will be given at Michael Reese 
Hospital by Louis N. Katz, M.D., Richard Langendorf, M.D., and Alfred Pick, M.D. This is 
an advanced course intended only for experienced electrocardiographers. The class will meet 
daily from 9:00 a.m. to 5:00 p.m., December 3 to 7, 1956. 

Further information and a copy of the lecture schedule may be obtained from Secretary, 
Cardiovascular Department, Medical Research Institute, Michael Reese Hospital, Chicago 16, 
Illinois. 


THE AMERICAN COLLEGE OF CARDIOLOGY will hold its FIFTH INTERIM MEETING at the Webster 
Hall Hotel in Pittsburgh, Pa., on Nov. 28 to 30, 1956, according to an announcement by Gabriel 
F. Greco, M.D., Ozone Park, N. Y., member of the Publication Committee. The general topic 
of the meeting will be coronary artery disease and myocardial infarction. 

The scientific sessions will feature four symposia on (1) diagnosis; (2) recent trends in medical 
and surgical therapy; (3) industrial and compensation aspects; and (4) rehabilitation and medico- 
legal problems. Dr. Simon Dack, New York, will preside, with the joint cooperation of Dr. 
William McElroy, Dean of the Medical School of the University of Pittsburgh, who will act as 
Advisory Chairman to the Local Committee in charge of convention arrangements. Various 
prominent members of the Staff of the University of Pittsburgh School of Medicine will partici- 
pate actively in the scientific sessions. 

Any information pertaining to the program may be obtained from Dr. Philip Reichert, 
Secretary, American College of Cardiology, Empire State Building, New York, N. Y. 


The ANNUAL MEETING of the AMERICAN SOCIETY FOR THE STUDY OF ARTERIOSCLEROSIS will 
be held Nov. 11 and 12, 1956, at The Palmer House in Chicago, III. 

Information regarding the meeting may be obtained from Dr. R. Gordon Gould, Program 
Chairman, P. O. Box 1663, Los Alamos, N. M. 


The TENTH ANNUAL MEETING of the WESTERN SOCIETY FOR CLINICAL RESEARCH will be held 
Thursday afternoon, Friday morning, and Saturday morning, Jan. 31 through Feb. 2, 1957, at 
Carmel-by-the-Sea, Calif. 

Information regarding the meeting may be obtained from Arthur J. Seaman, M.D., Secretary- 
Treasurer, Western Society for Clinical Research, University of Oregon Medical School, Portland 
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